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FOREWORD

This Business Practices (BP) Manual is the product of a the Industrial Base Pilot (IBP) Military
Products from Commercial Lines (MPCL) contract awarded by the Air Force Research
Laboratory Manufacturing Technology Division, at Wright-Patterson AFB, Ohio. The objective
of the manual is to enable the development and manufacture of military products using
commercial sources.

The Business Practices Manual was developed by an Integrated Support Team (IST) comprised
of representatives from defense customers and avionics contractors as well as from commercial
suppliers and from national associations. Although developed specifically for electronics, these
requirements should also be useable for any airframes and engines.

This document should be used in conjunction with the IBP Model Contract to provide a new
paradigm for Government procurement of military products.

This document is implemented in the spirit of continuous improvement, to provide for facility-
wide common processes while eliminating redundant requirements, and providing a winning
approach for Government, military contractors and commercial suppliers. The Business
Practices Manual enables a win for Government by developing systems faster, cheaper and with
better performance and quality. The manual also supports a win for military contractors by
providing a new, high quality, low cost sources for military products. Finally, the handbook
enables a win for suppliers by allowing commercial suppliers access to military markets.
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INTRODUCTION

The Business Practices (BP) Manual is a mechanism to enable a business relationship between a
military contractor and a commercial vendor. This document serves to replace military standards
and military specifications with requirements based on commercial standards (ISO 9001, QS-
9000, etc.) The requirements in this manual define the standards for acceptable supplier
practices.

The intent of the BP Manual is to provide the Government or military contractor with sufficient
information and guidance to tailor requirements that are mutually acceptable to themselves and
commercial suppliers. Developing mutually acceptable requirements is vital in the procurement
of a military product from a commercial supplier. With the elimination of military standards and
the existence of a wide variety of national standards and competitive industry practices, the BP
Manual serves to meet the following objectives.

e Assist the defense industry customer in obtaining a consistent evaluation of supplier’s
management and process capabilities.

e Convey the defense industry customer’s business system requirements to suppliers.

e Assist the supplier in understanding the customer’s expectations of the supplier’s business
systems.

o Identify business system: requirements that should be specified in the contract or statement
of objectives.

Practices that meet existing standards of the American National Standards Institute (ANSI),
International Organization for Standardization (ISO), American Society for Quality Control
(ASQC), Society of Automotive Engineers (SAE), Electronic Industry Association (EIA) or the
supplier’s own competitive commercial best practices may be used to satisfy the intent of the
BP Manual requirements. The supplier, however, must have documented processes and
procedures and be able to demonstrate compliance with the BP Manual requirements.

The BP Manual establishes a cafeteria-style menu for developing business practice requirements
that can be incorporated as part of a contract. Requirements should be kept to the minimum and
be tailored based upon the specifics of the product. The supplier may submit alternative
approaches, but they must meet the intent of the customer requirements. To work best,
requirements should be established in a cross-functional team environment and must be mutually
agreed upon by the customer and the supplier.
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In addition to the requirements are guidance statements that specify recommended processes.
These recommended process statements are not mandatory to the supplier. A recommended
process is looked upon as a best practice by the customer and would be evaluated positively
during supplier selection if the supplier can demonstrate compliance.

The BP Manual is part of a new process for the procurement of military products from
commercial sources. Taken together with the Model Subcontract, the BP Manual provides a
framework for the acquisition of commercial items. The following discussion places the BP
Manual in the context of the overall DOD Acquisition Reform initiatives.

Acquisition Reform initiatives within the Department of Defense provide a mechanism for
procuring military products from commercial suppliers. The key development is the use of a
new commercial item definition per FAR 2.101 Definitions and Part 12: Acquisition of
Commercial Items. Under this definition, commercial items or ancillary services are defined as:

(a) Any item that is of a type customarily used for nongovernmental purposes and that is
offered and sold competitively to the general public. Commercial items usually have a
catalog or published price sheet, are contracted on a firm fixed-price basis and are sold
with a product warranty.

(b) Any item that evolved from paragraph (a) through advances in technology or
performance, which will be available in the commercial marketplace.

(c¢) Any item in (a) or (b) but for: (1) modifications customarily available in the commercial
marketplace or (2) minor modifications to meet the Government requirement. Minor
modifications do not significantly alter the commercial function or essential physical
characteristic, or change the purpose of a process. Minor may be determined by the
modification value, size or scope relative to final product.

(d) Any combination of (a, b, c, ) that are customarily combined and sold in combination to
the general public.

(e) Installation, maintenance, repair or training services if such services (1) offered to the
general public and the Government contemporaneously and under similar terms and
conditions. (2) offers to use the same workforce that is used for providing such services
to the general public.

FAR Part 12 describes the policy the procuring Agency shall use to make a commercial item
determination. If the commercial item determination concludes that the item under consideration
does not meet the definition of a commercial item, the IBP process can not be used. Factors that
must be considered include:

xii



e ability of the product to meet the requirements
e price reasonableness or cost analysis
e quality of the product,

e supplier’s past performance.

The Commercial Item determination begins with market research to identify: 1) potential
commercial products or services, 2) the quality of these products or services and 3) the level of
competition or price reasonableness that exists in the commercial marketplace. The customer
must ensure that commercial products meet their requirements for reliability, operational
performance and logistics support. Commercial product information, performance data and test
data should be used to substantiate market research.

Price reasonableness may be established by comparison to the same or similar items that are
commercially available. The supplier may submit information to support commercial pricing, i.e.
catalogs or published prices, and their rationale for pricing of modifications.

Contracts for commercial items shall rely on the contractor’s existing quality systems as a
substitute for Government in-process inspection and testing before the product is tendered for
acceptance unless customary market practices include in-process inspection. This manual will be
used initially to evaluate the quality system. Specific quality requirements for the procurement
will be developed as part of the solicitation process and through negotiations.

Once the item is determined be a commercial item, a solicitation package can be issued to
prospective suppliers. The solicitation package should consist of the MPCL Model Contract
that includes attached exhibits: a technical data package to include a Performance Specification,
the BP Handbook and a Statement of Work. The terms and conditions of the MPCL Model
Contract are based on commercial practices and include only three FAR-based clauses:

e Equal Opportunity
e Affirmative Action for Special Disabled and Vietnam era Veterans

e Affirmative Action for Handicapped Workers

The responses to the solicitation package should be used to further qualify the suppliers, serve as
a baseline for the eventual contract and establish price reasonableness. The supplier will review
the solicitation package from both a contractual and a technical perspective. The technical
perspective includes the SOW, performance specification and the BP Manual. The review of the
BP Manual includes definitization of the requirements. The supplier review requires a self-
assessment of their internal practices using the Operational Requirements Matrix form as a guide.
The review may indicate that all operational requirements are adequately addressed, in the
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supplier’s opinion, by their existing facility-wide processes. In this case, a properly signed
certification in the supplier’s format is prepared indicating that no further documentation is
necessary. If their existing processes do not satisfy all of the requirements, a Program Control
Plan must be developed to define what must be changed to address the shortfall.

The supplier will also prepare a Commercial Item Price Evaluation to provide information for
evaluating the reasonableness of price. The following topics should be addressed in this position

paper:
¢ Data on sales of the commercial items to the general public.

* Product or process modifications that are customarily available for the commercial product as
compared to modifications required for the Government product.

* Specific product and manufacturing process modifications required to meet the Government
performance specifications.

¢ Comparison of the components required for the military product versus those commonly
used in their existing commercial products.

Upon receipt of the supplier’s proposal, the customer will evaluate the response, select a source
and begin negotiations leading to a Commercial Item Subcontract.
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BP MANUAL SECTION SUMMARY
MANAGEMENT

Planning for Excellence during a product’s life cycle includes requirements definition, design,
development & verification, manufacturing, operations and support. These affect all functional
groups within an organization and should therefore be developed by the cross-functional teams.
Cross-functional teams identify problems early and maintain a cooperative spirit of resolution
thereby providing the highest opportunity for program success. Attachment A contains the
cafeteria-style Operational Requirements Matrix with recommended requirements for supplier
proprietary items, build to print with existing suppliers, build to print with new suppliers and
suppliers with design only responsibility. Attachment B contains the Operational Requirements
Matrix used for the Industrial Base Pilot requirements and the supplier’s Program Control Plan
to meet customer requirements that are not addressed by their existing procedures and systems.

DESIGN ENGINEERING

A good design is required to satisfy the customer’s performance, price and quality objectives as
well as the supplier’s profit objectives. The requirements in this section address the process for
customer’s involvement in the design process.

PARTS CONTROL

A Parts Control Program is an industry best practice for the selection of parts or materials during
the product life cycle. The program is established to achieve life cycle cost savings, reduce parts
proliferation in a product or system (including reduction of the number of part types, grades or
values), minimize the affect of parts obsolescence (out-of-production parts or diminishing
manufacturing sources) and improve parts interchangeability, reliability and maintainability.

A Parts Control Program will reduce product cost by knowledgeable selection and control of the
component’s performance, quality, durability, maintainability and reliability characteristics. The
Parts Control section describes the expectations of the customer for control of product and
designs and advanced notification when components are being phased out. The supplier may
satisfy these requirements according to their internal procedures or a mutually agreed upon Parts
Control Plan. An example Microcircuit Parts Control Plan is attached.



CONFIGURATION MANAGEMENT

The configuration management process ensures adherence to customer requirements and product
repeatability in manufacturing. Configuration management processes include release controls,
implementing changes to design and configuration documents, subcontractor configuration
management, disaster recovery planning, as-built reporting and reporting of revision status. Note:
This document does not address drawing formats, which must be agreed upon by the design agent
and the customer.

QUALITY SYSTEMS

The supplier’s Quality System should provide for continuous improvement and variability
reduction. The requirements defined in this Business Practices Manual are based on ISO-9001
or ISO-9002. Many industry groups or customers have unique quality system requirements
based on ISO-9000: QS-9000 for the automotive industry, D1-9000 Advanced Quality Systems
for Boeing and TS-9000 for the telecommunications industry. The Business Practices Manual is
our attempt to establish quality system requirements that are acceptable to the defense customer,
military contractors and commercial suppliers.

SUPPLIER SELECTION

Source Selection policies and/or procedures address the selection of qualified suppliers,
performance rating systems and evaluation of past performance. The technical and cost issues
involved with down-selection are not addressed in this document. The Appendices discuss (a)
sub-tier supplier self-evaluations, (b) system registration levels and (c) supplier relationships.

PROCUREMENT CONTROLS

Procurement controls are established to provide clear communication of requirements, delivery
and acceptance criteria. This section discusses the minimum information necessary for
procurement, stresses the importance of the acceptance criteria and discusses the Government
priority ratings and allocation system (referred to as DPAS). The Government customer should
not require DPAS on a commercial item contract. The Procurement System evaluation (a.k.a.
Contractor’s Procurement System Review CPSR) requirement is established but a caution is
included to make it clear to the Government customer that commercial companies normally do
not permit reviews of their procurement system. The commercial suppliers are required to
provide evidence of independent or internal procurement system reviews under the ISO
requirements. The Appendix contains a typical customer report that might be used in lieu of a
procurement system audit.



CUSTOMER PROPERTY

Customer Property controls ensure customers that their property is being properly utilized and
protected. The commercial supplier is usually unfamiliar with government requirements for
control of customer-furnished property, including identification, care, tracing, and government
property reporting, audits and disposal. They usually have the capability to control customer-
furnished tooling and material that is consigned by a sub-tier supplier; but material or property
which is considered sensitive, including national security, frequently cannot be adequately
controlled by commercial companies. The ISO 9001 requirements do not typically require
controls for this type of material or property. This is an area where both government customers
and commercial suppliers must clearly understand the audit, tracking and reporting requirements
and the supplier’s capabilities. Tailoring of supplier’s procedures in a Program Control Plan is
frequently required.

HANDLING, STORAGE AND PACKAGING

Handling, Storage, Packaging and Delivery processes are necessary to avoid product damage
during manufacturing or assembly and during shipment and storage. Commercial practices satisfy
most cases, but unique customer requirements may require additional instructions for marking of
packages, bar coding, or unusual environmental conditions. These instructions are usually found
in the Statement of Objectives or contract. This is an area where a clear understanding by both
parties is important.

PRODUCTION PROCESS AND CONTROL

Production process controls affect process yield. This section establishes the customer
requirements for assurance that these controls are in place and functioning, with particular
emphasis on controls and key characteristics.

PRODUCT SUPPORT

Product support covers issues after initial delivery to include replacement, maintenance and
product warranty.

RELIABILITY

Reliability or probability that the product will perform in its intended environment for a
specified period of time determines the cost for product warranty and the reporting requirements
for the customers. This reliability information is used to market the product to potential
customers and affects the product warranty and customer’s product satisfaction.






1. Management
Objective: To identify problems early and provide the highest opportunity for success.

The supplier shall describe its organizational and technical interfaces, responsibility,
and authority with respect to design, parts control, configuration and data management,
quality planning, source selection, development and production activities.'

The requirements developed in this document are only applicable when specified in the Contract
or Statement of Work. The following requirements for policies and or procedures are established:

Requirements Summary Par.

L ettt e 1.1 Cross-functional Teams 1.1
e e Operational Requirements Matrix 1.2
B ettt et e h e et et ee 1.3 Program Control Plan 1.3
B ettt nens 1.3.1 Schedule of Key Project Events 1.3.1
S et et re e e st st e e e anaes 1.3.2 Customer Participation 1.3.2

1.1 Cross-functional Teams

Effective planning for excellence during a product life cycle should include a cross-functional team
approach to maximize time, money and resources. These teams should be included in
requirements definition, design, development and verification, manufacturing and support. Cross-
functional teams facilitate open communication links within the company and with customers
and key suppliers.

These teams report to a program manager who has overall program responsibility. Cross-
functional teams continue to be involved at various stages of development and production and
continue throughout the product life-cycle.
_ These teams are sometimes referred to as “Team
¢nes  Oriented Problem Solving” (TOPS), “Integrated
Product Team” (IPT), “multi-disciplinary teams”
or “Integrated Product/Process Development”
(IPPD).

Customer
P~pen
Quality

| Lo
Integrated Product Team
'S

AMuanufacturing Koy Supphiers

QS-9000 Quality System Requirements par. 4.1.2 Organizational interfaces,
QS-9000 Quality System Requirements par. 4.2.3 Use of Cross-functional teams
ISO Q9001-1994 par. 4.1.2.1, 4.43



Teams are typically composed of qualified personnel including, as required:

e Customer e Mechanical Engineer

e Systems Engineer e Key sub-tier suppliers

e Quality Assurance e Manufacturing Engineer

o Flectrical Engineer ¢ Finance or Business Office
e Configuration & Data Management e Components Engineer

e Software Engineer e Material Control

e Procurement e Material & Process Engineer

Critical sub-tier suppliers and the customer should also be proactively included as early as
possible in these cross-functional teams.

1.1.1 Program Management

The following activities should be considered by the supplier when preparing for a successful
project.

» Establish program control plan (see 0) as required

» Determine customer involvement and participation (see 0)

« Determine customer approval for planning documents

» Establish schedule of key project events (see 0)

» Establish a single-point contact

+ Provide for customer notification of expected delays or problems

1.1.2 Legal and Ethical Conduct

Proper legal and ethical conduct is a major part of the relationship between customers and
suppliers. All suppliers must implement policies and practices that ensure adherence to a high
standard of conduct.

1.1.3 Techniques Used for Team Communication

The following techniques for open communication should be employed to the maximum extent
possible within integrated product teams.

» Regularly scheduled, frequent IPT meetings

» Informal reviews

» Material status meetings

« Electronic mail

¢ Common databases



1.2 Operational Requirements Matrix

The Operational Requirements Matrix (ORM) should be used to focus the business practice
requirements to the specific solicitation.

The supplier shall return the Operational Requirements Matrix’to evaluate the
relationship of the customer’s business practice requirements to the supplier’s existing
quality system procedures, instructions er control plans.

A simple cross-reference of the supplier’s procedure to the customer’s requirements may be all
that is necessary. See Attachment A - Operational Requirements Matrix for the template.
Complete instructions for both the customer and supplier are shown on attached ORM form.

1.3 Program Control Planning

C"S‘% Customer When a customer has. unique. rc?quirements that are
) .Satllgfa ca.z; Needs Col‘:'z‘; . not met by the supplier’s ex1st1n.g procedures or
Rezl’w‘:a . R perid ;‘:\e“‘s processes, tailoring of the supplier’s processes or
Syste ms e procedures is required. This tailoring should be
Effectiveness B Key Characteristics  accomplished by program control plans that are
Quality Design specific t? this Product and will meet the intent of the
60@ Engineering customer’s requirements.
& S Supplie, The supplier shall establish, document and
V‘g;&\'& Kaowleqge maintain a Program Control plan * as mutually
agreed and shall submit for customer review and
acceptance.

The various plans referred to in this document are only required when the customer specifies the
plan(s) from Table 1 as a requirement and when the supplier’s existing procedures and
documentation do not adequately address those requirements. These plans may be combined
into one overall “Program Control Plan”. Revisions to control plans should be made as
requirements or circumstances change during product’s life cycle.” .

Control Plans BPM Section
Design Control ... 2
Parts CONtIO...........oeiieii et 3
Configuration Management ... 4
QUALIEY ASSUIANCE......ccoiiiiiii ettt e st e e e e e e e e s anes 5
Source Selection ... 6
CUSIOMIET PrOPEIY ..o aaeeas 8
Handling, Packaging & Storage............ccccoov i 9
Manufacturing Process Control..............ccccoooiiiiiii e 10
Product SUPPOT... ... 11

Table 1. Typical Control Plans

2

I1SO Q9001-1994 par. 4.2.3 Note 8: ... in the form of a reference ...
> IS0 Q9001-1994 par. 4.2.3 Quality Planning
¥ ISO Q9004-1-1994 par. 5.3.2.3



A certification, in the supplier’s format, signed by an authorized company representative, is
required for customer review either during the proposal process or as soon as possible after
contract award. This certification should include the following.

* how product or processes will be controlied
* roles and responsibilities

 what information/data is collected and how it is used and reported

Attachment B - IBP/MPCL Program Control Plan is included as a typical example of a
commercial companies response to the Operational Requirements Matrix. This example shows
the case of a Program Control Plan developed for the MPCL project itself.

1.3.1 Schedule of Key Project Events

The Schedule of Key Project Events is used to facilitate communication among the internal and
external customers. As a member of the cross-functional team, the customer may wish to
actively participate in these events.

The supplier shall establish, document and maintain as necessary, a schedule of key
project events® and provide for customer review as soon as possible after contract award.

Key projects for scheduling may include the following.

* Design reviews

» Design Verification® (DV)

» Functional Configuration Audits (FCA)

* Qualification testing

* Design for Assembly or Manufacturability (DFM/A)
* Tnal runs or prototype builds

* Production Validation (PV)

» Physical Configuration Audit (PCA)validation or
» Test verifications

* Acceptance inspection or testing

» Incentive fee opportunities

1.3.2 Customer Participation Plan

Customers may require progress reviews during design, manufacturing and product acceptance.
These may include witnessing or monitoring inspections or tests required to substantiate product
conformance to engineering drawings, specifications, and other contractual requirements. When
the customer is an active member in an Integrated Product Team, inspections and tests should

ISO Q9004-1 par. 8.2.3 Time-phased Design activities
ISO Q9001-1994 par. 4.2.3f



become more informal or be based on reviews of exceptions. These reviews and tests at the
supplier or subcontractor's facilities do not relieve supplier of responsibility for ensuring quality.

The supplier and customer shall mutually establish a Customer Participation Plan for

design reviews and verification, and product validation or inspections prior to production
release.

The required customer participation will be indicated on the Operational Requirements Matrix or
in the contract or Statement of Objectives. Possible participation points are shown in Table 2.
Typical Customer Participation Points.

Typical Customer Participation BPM Section
System Requirements Review (SRR)...........cccoooci i 2
Preliminary Design Review (PDR).............c.ccooiiiiiiiiii e 2
Design Validation (DV/FCA) ........ccoiiiie et taa e 2

(Critical Design Review) w/ Functional Configuration Audit ....................... 4
Production Validation (PV/PCA)....... ... 4

w/ Physical Configuration Audit
Customer Surveillance & INSPeCHiON ..., 5

Table 2. Typical Customer Participation Points
1.4 Benefits

Customer participation in design reviews, product development and witnessing of production
processes facilitates the removal of barriers between the customer and the supplier’s internal
organizations. The initial startup period from concept to product is frequently increased with
the use of an Integrated Product Team. This is a consequence of more thorough up-front
planning of the design requirements and production processes. Subsequent production cycle time
should be reduced by decreasing the re-design, engineering changes, re-work required and by
increasing first pass yields.
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2. Design Control

Objective: To provide lowest cost for product development, production, and operation, and
the highest level of customer satisfaction.

The purpose of design controls’ is to ensure that processes are in place to design products that
financially benefit the company and meet customer's requirements and price objectives. Design
activities begin at contract award and continue during the product life cycle including product
improvements. Design planning should incorporate all functional responsibilities in order to
satisfy the customer’s requirements and the company’s goals and objectives.

The requirements developed in this document are only applicable when specified in the contract,
statement of work or operational requirements matrix’. The supplier’s own processes or
systems must meet the intent of ISO 9001 and these requirements. The following requirements
for policies and/or procedures are established:

Requirement Title Par.
1. 2.3 Design and Development Procedures and Planning ...........ccccveuenen. 2.3
2. 2.7.2 System Requirements Review (SRR)........ccccoeviniiciiininnnnnn, 2.7.2
3,273 Preliminary Design Review .........cccovvvviiniiiinniinninnieiiee 273
4. 2.7.4 Design Verification (DV)......cccceoivimncninennciinecieceeeeen 2.7.4

2.1 Design Goals

Design consists of concurrent design and manufacturing engineering tasks (analysis, simulation,
modeling, testing, documentation) required to convert customer requirements into technical
specifications, fabrication and assembly drawings, specifications and/or data for a producible
product. Design goals may include:

+  “Develop quality products that will meet the customer requirements and result in highly
satisfied customers.”

« “Develop, design, produce and supply products which are most economical, most useful
and always satisfactory to the customer” Ishikawa

»  “Ability of the product to meet the customer requirements and expectations” Deming
» “Fitness for use” Juran
» “Conformance to requirements” Crosby

« “Design quality into the product” Taguchi

ISO Q9001-1994 par. 4.4 and ISO Q9004-1-1994 par. 8.0
Organizational and Technical Interfaces BP Requirements Section 1
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The design goals, as defined by the gurus of quality Ishikawa, Deming, Juran, Crosby, and
Taguchi may include the following. Design is a critical element of a product’s life-cycle, quality
and customer satisfaction.

2.1.1 Robust Design

A robust design results in a product or process that produces consistent, high-level performance
"despite being subjected to a wide range of changing customer and manufacturing conditions."

Technology Traditional engineering focuses on solving
Development PROFITS problems, failure analysis, use of a repetitive
Robust process of design-build-test, testing one factor
Designs . . . . .

' Traditional at a time, firefighting, and studying in detail
a Design problems associated with interactions of the
' factors involved. This approach costs more,
takes more time, and is not always successful.
Taguchi's approach allows experiments to be
performed and prototypes to be tested on
multiple factors at once so that the product or
process becomes insensitive to use-conditions
and uncontrollable factors.

Fire
fighting

Figure 2-1. Robust Design - Taguchi

This is called Robust Design,’ and provides a more efficient, cost-effective way to improve
products and processes.

« Develop products and processes which perform consistently as intended under a wide
range of user's conditions throughout their life cycle (durable and reliable).

» Maximize robustness-improve the intended function of the product by developing and
increasing insensitivity to noise factors which tend to degrade performance.

» Develop or change product formulas and process settings to achieve desired performance at
the lowest cost and in the shortest time.

» Simplify designs and processes to reduce cost.

The Robust Design process simultaneously yields significantly improved product quality,
reliability, and durability while reducing design cycle times and manufacturing costs, and bringing
to light new, proprietary knowledge.

2.1.2 Open Architecture

Design architecture defines the structure of interfaces, electrical or mechanical, between the
subassemblies that comprise the final product and the external interfaces of the product.

9

AMERICAN SUPPLIER INSTITUTE @ http://www.amsup.com/TAGUCHV/
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The design should facilitate:

* continuous product improvements

* built-in testing such as on-board or in-circuit testing,

» addition of functionality

* modular structure

» adaptable to or interchangeable with other systems, and

» ease of replacement of parts that become obsolete.

Reference: AS 4893, Generic Open Architecture Framework™ was recently released (1/1/96) by
SAE Committee AS-5. “This standard represents the first step in the committee's efforts to
develop standards for open systems in support of the changing DoD perspective on military
procurement. Generic Open Architecture establishes a hierarchical model that defines nine
interface classes, four primary levels, and two secondary levels. It allows for the organization of
system requirements and defines how they are applied at the appropriate level to determine
interface points. The document provides a framework that identifies the interface classes and is
the start point for development of interface standards for system design. It is scaleable in that it
can be applied equally well to system or subsystem designs.”

2.2 Design Control Model

Figure 2-2. Design Process Model below illustrates a typical overview Design Control process
that is timephased during a product life cycle. The dark symbols indicate Design activities or
reports that may be required by the customer. The light shaded areas indicate activities that may
involve the customer, specifically with cross-functional teams and with respect to the customer
reviews that may be conducted. Design reviews are conducted during product definition,
development, and production phases of the contract and become major milestones for life cycle
phasing.

10

Society of Automotive Engineers: http://www.sae.org/NETWORK/openarch.htm
“Designs should be Flexible, Idiot proof, Simple, and Efficient”. Taguchi
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Risk ldentification and Mmgauon Plans

Requirements Design Product ‘ Conﬁg Status
Baseline Bassline ontig Baseline Management Baseline

Released

Figure 2-2. Design Process Model

2.3 Design and Development Procedures and Planning

Supplier shall describe its internal design control procedures," processes, standards,
reviews and product validations which ensure that stated performance and reliability
requirements will be satisfied.

2.3.1 Design Control Plan

When the supplier’s existing design control procedures and systems do not adequately address a
customer’s design review requirements, the Design Control Plan will specifically address the
supplier’s intended approach for obtaining the customer’s performance and reliability
requirements in the design. The Design Control Plan is required if specified in Section 1.0
Program Control Plan.

The Design Control Plan is developed in sufficient detail by the supplier and provided to the
customer to clearly describe the design organization, inputs, outputs, reviews, verifications,
validations, schedules, continuous design improvements, and the points at which the customer
involvement is available or required. It is recommended that the supplier consider the formation

i3

ISO Q9001-1994 par. 4.4.1 documented procedures...
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of a cross-functional team' to facilitate communication within the company, and to include the
customer and key suppliers as early as possible.

2.4 Responsibilities for Design

The following are typical design responsibilities for the design agent.

« Establish customer satisfaction" as a primary design objective and as an element of the
supplier’s Business Plan.

« Establish budgets (Work Breakdown Structure (WBS), if applicable), and design schedules
including allocation of resources available.

 Analyze customer performance requirements and contractual flow down to develop
products that make use, as close as possible, of existing equipment and material found in
industry.

« Consider Quality Functional Deployment (QFD)" (par. 2.5.2) during product design which
emphasizes customer’s needs and wants, identifies and validates customer’s key
characteristics, and product support and logistics requirements.

« Establish major component reliability checklist” and determine internal and external quality
requirements.

« Obtain accelerated supplier delivery commitments, particularly for long-lead items.

2.4.1 Design Approach

The design organization’s planning process will address the “best competitive” design approach
including investigation of new technologies and state-of-the-art approaches, risk management
and mitigation, consideration of trade-off for value, performance, cost, and schedule. After the
initial selection of components and products which meet the requirements, on-going parts
management participation is necessary to identify alternatives for obsolete or high risk
components during product life-cycle.

2.4.2 Source Selection Process

The selection of suppliers' who are desirous and capable of providing products and support is
critical to the successful design and manufacture of any product. The design team will conduct a
competitive market investigation of potential suppliers. The objective of this market research is
to observe and obtain, if possible, manufacturer’s test results, determine the extent of other

See Section 1.0 Organizational and Technical Interfaces

ISO Q9004-1-1994 Quality Management and Quality system Elements - Guidelines

par. 5.1.2, 8.4.2a ... Customer’s needs and expectations

Quality Function Deployment (QFD) identifies the “Voice of The Customer”; the customer’s gbjectives in

inspection requirements, qualification or supplier tests, SQA activity required.
Commercial & NonDevelopmental Items Handbook, 5-1996, Defining Requirements Pg, 20
http://www .acq.osd.mil/es/std/ndi
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customer usage and product experience, and to obtain independent test lab results, if necessary.
See Section 3.0 - Parts Control Program - Parts Selection as an Element of Design

2.4.3 Manufacturing feasibility

To reduce high risk items and potential problems the design team must ensure compatibility’” of
design with production, inspection and test processes and equipment, both internally and at key
sub-tier suppliers.

2.4.4 Supplier-identified Key Characteristics

By conducting Design of Experiments (DOE), Failure Mode Effects Analysis (FMEA), or
Design for Manufacturing or Assembly (DFM/A) studies, the design and/or manufacturing teams
may identify process capabilities or product key characteristics that may affect manufacturing
yield which must be addressed in the product design.

2.4.5 Continuous Improvement

The design team should obtain manufacturing process capability, production yield, and field
feedback information to improve the design.

2.5 Design Input

Customer performance requirements (Requirements baseline) is the primary driver for the design
requirements and are defined in the contract, Statement of Work (SOW), Statement of Objectives
(SOO), or Technical Data Package (TDP) provided by customer.

The cross-functional team should ensure that customer requirements are clearly identified and
understood by all functional organizations. Statutory and Regulatory requirements (i.e. safety,
environmental, etc.) may be thought to be “understood” and may not be defined in the contract,
or they may be spelled out by reference to various civil codes, industry standards or, in the case
of the Government, by the Federal Acquisition Regulations (FAR). Any differences between
customer’s requirements and the supplier’s capabilities need to be resolved immediately. Topics
below may not be required or applicable for all product designs or projects.

2.5.1 Contract Review"

Contract review'® by members of the cross-functional team is crucial to understanding customer
requirements and commitments made by the supplier in their proposal or contract. Review of

ISO Q9001-1994 par. 4.2.3 ¢ ensuring compatibility ...

ISO Q9001-1994 par. 4.3 ¢ ... supplier has capability to meet the contract ...
ISO Q9001-1994 par. 4.4.4 Design Input

ISO Q9001-1994 par. 4.3 Contract Review
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the contract and other customer requirements is the primary source for design inputs. These may
include:

* customer performance requirements, targets

» specification reviews

» schedules for product, data, incentives, milestone tasks
» supplier developed pre-award (proposal) information
+ feasibility analysis: financial, product and process

 verification that design objectives is communicated to cross-functional team.

2.5.2 Quality Functional Deployment

Quality Functional Deployment (QFD)” is an optional cross-functional requirements definition
tool that emphasizes the internal and external customers “needs and wants™ during the initial
design of the product. QFD provides a method to design-in quality by systematically identifying
key product design requirements and resulting manufacturing processes and product parameters.
The QFD process will reduce product re-designs, development cycle time, production startup
costs, and reduction of future field problems and warranty costs. QFD establishes a relationship
matrix between the customer requirements (“whats”), the supplier’s measurable design
parameters, and manufacturing planning (“hows”); yielding a better design and more detailed
planning. When additional customer “wants” are discovered during this process, the supplier will
typically require a revised requirements documents and possibly additional funding to
incorporate the “wants.” Using QFD, the customer and supplier will obtain a more defined
understanding of the product being developed. It is critical that the process and all subsequent
agreements be adequately documented.

2.5.3 Design Rules or Guidelines

The supplier defines the internal procedures and guides to be used during design development.
including (a) time-phased design development, *' and (b) the conceptual design and development
approaches to be used. The development of a Prototype Control Plan is a recommended method
for the supplier to assure themselves, prior to production, that the product meets the
specifications, that all tests have been performed, that tracking and validating key characteristics
are completed, and that all data is recorded as required.

® Quality Function Deployment (QFD) American supplier Institute, Inc. identifies the “Voice of The Customer”;

the customer’s gbjectives in addition to the requirements during the early development.
2 ISO Q9001-1994 par. 4.4.6 Design Reviews
ISO Q9004-1-1994 par. 8.2.3 time-phased design program
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2.5.4 Drawings, Specifications and Documentation

All documentation used for product development is required, including standards (National,
Military, internal) and sources for technical data or information.

Note: Drawing format is not discussed in this manual. The customer and supplier must agree on
these formats. National (ASME Y14.1, ANSI Z1.4-1993) and Military (MIL-STD-100E)
standards exist for reference.

2.5.5 Statutory and Regulatory Requirements™

All Federal, State, and local safety, environmental laws or regulations needed for proper control
of environmental emissions and product packaging for transportation are to be addressed in the
design plan.

2.5.6 Tools and Techniques

The following are various tools or techniques used for product development.

» Design Failure Mode Effects Analysis (DFMEA) optimizes the relationship between
design function, manufacturability, and ease of assembly.” DFMEA readily identifies
those properties or processes which, based on the suppliers experiences, are considered
“special” or “key” to the product’s ability to meet requirements. The DFMEA is an
important tool for identification and tracking of the Key characteristics during the design
development phase of a project.

» Value Engineering (VE) - cost, performance, schedule trade-off
* Design for Manufacturing or Assembly

* Design of Experiments par. 0.12)

* Process Failure Mode and Effects Analysis (PFMEA)

* Finite Element Analysis (FEA)

+ Solid Modeling

* Simulation techniques

*  Computer Aided Design (CAD) Computer Aided Engineering (CAE) equipment should be
capable of two-way interface with the customer.

2.6 Design Output

The output™ of the design process includes:

* Conceptual designs (par. 2.6.1)

2 I1SO Q9004-1-1994 par. 8.2.4
2 Advanced Product Quality Planning and Control Plan, AIAG, App. B, pg. 82
* 1SO Q9001-1994 par. 4.4.5 Design Output
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* Risk identification and mitigation plans (par. 2.6.2)
+ Released designs including (a) Drawings and Specifications (par. 2.6.3), and (b) Computer
Integrated Manufacturing (CIM) data, as required

» Logistics & Maintenance support requirements (when the supplier has design
responsibility that is funded by the customer, a Technical Data Package for re-procurement
may be required. See Section 11.0 - Logistics Support for detailed contents).

2.6.1 Conceptual Design

Conceptual design emphasizes establishment of practical, verifiable requirements, and the
product architecture, including functional and physical subassembly partitioning. Design
decisions made during conceptual design can lock in a high percentage of a product’s life cycle
costs.” The conceptual design processes are conducted with internal members of the cross-
functional team. Conceptual design reviews are documented, but are less formal than subsequent
design audits.

Conceptual designs may include the following elements.

» Feasibility studies (financial, product, or process) are conducted prior to the contract
award, when the supplier is submitting their proposal and the general design concept is
determined.

» Supplier’s design capability determined based on their history, knowledge, experience,
resources for technology, type of design being considered, and Computer-Aided Design
(CAD) and computer-aided simulation equipment.

* Functional Block Diagram
+ Partitioning Hardware and Software
* Interface Diagram

» Technology Insertion ability to meet requirements and emerging technologies that will
enhance future upgrades

» Parts and Material selection includes (a) preferred parts lists, (b) reduction of parts
obsolescence risks, (c) determination of part maturity, (d) creation of design libraries for
parts, failure reporting, customer satisfaction, etc., and (e) part’s supplier support
availability. See Section 2.0 - Parts Control Program- Attachment A

* Reliability analysis and goals established
* Trade studies

» Electrical design

* Performance simulations

* Design of Experiments: A designed experiment can improve a product’s design or the
manufacturing processes used in development. The experiments are used to identify

% Reliability Toolkit: Commercial Practices Edition, Pg. 60 65% of life-cycle costs
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manufacturing process parameters or test techniques that affect product performance,
producibility and reliability. A design of experiments is a principal method for determining
key characteristics to reduce product variation and should be used to increase the product
or process tolerances, thereby providing a greater yield. Product application requirements
analyzed by members of the cross-functional team determine physical and environmental
factors to be tested. A matrix is established to record the results of varying the test
parameters. Analysis of these results will then be incorporated into the design or process
controls.

* Mechanical design including 3D or solid modeling capabilities which reduces design cycle
time and development costs.

* Key characteristics identification and tracking

* Product support, logistics, safety, maintainability issues include (a) designs to facilitate
servicing and reduce repair costs, (b) standardization of part’s technology, and (c)
mechanical design vs. manufacturing capabilities.

* Test plans and procedures define the methods for testing and measurement, allow for Built-
in Test with automatic test equipment and establish acceptance criteria for product.

* Producibility assessment accomplished by (a) identification by manufacturing of
manufacturing process parameters and controls required to maintain product performance
(b) Design for Manufacturability and Assembly (DFM/A) studies, (c) design team’s
experience, knowledge, history (lessons learned), and technical resources, and (d) by the
facilities capacity for technology advances. See Section 10.0 - Manufacturing Systems

2.6.2 Risk Identification and Mitigation

Identifying potential risks and establishing risk mitigation plans should be done during the entire
product life cycle (design, production, test, support). Risks may be based on technical
approaches, software, program interfaces or availability of processes or qualified personnel.
Risks are quantified in terms of cost, schedule, experience or past performance. Risk assessment
and mitigation plans are used to rationalize these cost and schedule impacts.

Identify risks, level of acceptability and options or alternatives available to reduce risk, such as:

* Risk avoidance by removal of the requirement

* Risk control by monitoring and using multiple approaches

* Risk assumption by setting aside funds, schedule or performance tolerances
* Identification of part types that may not be available when needed

* Identification of potential software problems

* Risk transfer by insurance, warranty or otherwise passing the repair or replacement
responsibility to the suppliers.

20



2.6.3 Manufacturing Documentation

The final design output consists of all drawings, specifications and procedures needed for
manufacturing and or submission to the customer are identified with assigned responsibility for
completion.

2.7 Design Reviews

Design reviews,” an integral part of system engineering, primary purpose are to:

* Determine technical adequacy of the design approach

+ Obtain authorization to proceed to the next phase

+ Identify and take corrective action for design inadequacies

» Identify potential risks that may arise during design and development and present risk
mitigation plans

* Ensure that the design outputs are properly documented.

Design reviews may be conducted or supported by the design agent at various stages from
concept through design or production validation. Design reviews include evaluations of all design
activities occurring since the previous review and requirements, reliability goals, simulations,
results DFMEA, DFM/A, DOE, test failures, and tracking of the design progress. Design
reviews become more detailed as the design evolves.

The Program Control Plans, contract, or other appropriate document will document the mutually
agreed levels of supplier and customer involvement including as specified: Design Reviews,
Design Verifications, Production Validation and a reviews of Final Functional data®”. See Section
1.0 - Organizational Interfaces- Customer Participation Plan.

2.7.1 Design Review Participation

Internal design reviews should include appropriate members™ of the cross-functional team and
may include the customer and sub-tier suppliers as necessary. Most commercial customers
generally do not wish to be involved in design and development process;* however, some
commercial or defense customers may require participation, or at least communication and
approval, in the following design reviews.

* IS0 Q9001-1994 par. 4.4.6 Design Review

ISO Q9004-1-1994 par. 8.4

ISO Q9001-1994 par. 4.2.3f ... identification of suitable verification at appropriate stages ...
ISO Q9001-1994 par. 4.4.6 Design Reviews

Benchmarking Commercial Reliability Practices, RAC 1995 Pg. 18

27
28
29
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2.7.2 System Requirements Review (SRR)

Definition: System requirements is an internal review during the initial design phase which
ensures that all members of the cross-functional team have a clear understanding of the
customer’s requirements as stated in the contract and related documentation. This review does
not usually include customer. The requirement below is added to include the customer
participation. The Quality Function Deployment (par. 2.5.2), which requires customer
involvement, may be conducted in this review or at a later time.

The design agent shall plan and conduct a formal, documented System Requirements
Review” including customer participation and appropriate personnel representing the
functions being reviewed and any other specialized functional personnel as required, and
as indicated in the Program Control Plans.

CAUTION: Customer representative participation at the supplier’s Systems Requirement Review
is NOT a commercial practice and may increase the product costs or preclude contracting with
commercial suppliers. If this task is mutually agreed upon, the review should be clearly defined in
the contract or statement of objectives and in the supplier’s program control plan.

2.7.3 Preliminary Design Review (PDR)

A PDR is a review of the Conceptual Design resuits. This review may include top-level block
diagram, design partitioning, capability assessments, interface requirements, preliminary parts
list, technologies to be used, and development of plans for simulation, reliability, maintainability,
logistics, and testability.

The Conceptual Design Audit is an internal review by program management and engineering
members of the cross-functional team and does not usually include the customer. During the
initial engineering validations and feasibility studies, the design capabilities and design approach
are evaluated by the internal development team. The requirement below is added to include the
customer participation.

The design agent shall plan and conduct a formal, documented Preliminary Design
Review including customer participation and appropriate personnel representing the
functions being reviewed and any other specialized functional personnel as required, and
indicated in the Program Control Plans.

CAUTION: Customer representative participation at the supplier’s Preliminary Design Reviews
is NOT a commercial practice when the supplier controls the design of the product. Customer
participation at the PDR may increase the product cost or may preclude contracting with
commercial suppliers. If this task mutually agreed upon, the review should be clearly defined in

30

ISO Q9004-1-1994 par. 8.2 Design Planning & Objectives
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the contract or statement of objectives and in the supplier’s program control plan.

2.7.4 Design Verification (DV)

A Design Verification,” also may be called a Critical Design Review (CDR), consists of a review
of the detailed design results, and a document review process to ensure design documented
outputs (drawings and specifications), meet the input requirements prior to drawing release for
production. When the supplier is funding the product development customer participation may
not be required. However, if the customer is funding the product design and development they
are entitled to more involvement in the design decisions and acceptance criteria. The supplier
should obtain, prior to beginning production, customer feedback when they do not actively
participate in the CDR.

The design agent shall plan and conduct a formal, documented Design Verification
Review including customer participation and appropriate personnel representing the
functions being reviewed and any other specialized functional personnel as required, and
indicated in the Program Control Plans.

Design Verification (DV) typically includes a review of the following.

 Internal design rules

« Comprehensive product characterization
e Sub-assembly definition

* Drawing trees

» Capability assessments

» Alternative calculations

e Trade studies results

« Material definition

» Parts lists

« Comparisons with existing designs or other competitive products
* Test and demonstrations

e Producibility assessments
 Independent verification

« Support engineering requirements

' 1SO Q9001-1994 par. 4.4.7 Design Verification
1SO Q9004-1-1994 par. 8.4.3 Design Verification
TRW Automotive - Supplier Development Manual - New Part Launch Pg. I1I-21, par. 2
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* Qualification testing consisting evaluation of performance, durability, safety, reliability and
maintainability under storage and operating conditions

* Functional Configuration Audits (FCA) consisting of an examination of pre-production
units and test analysis to verify that all design features conform to defined user needs and
that the design is capable of being produced (the FCA may also include review of drawings
that are deliverable to the customer, for compliance with customer drawing format and
content requirements. See Section 4.0 - Configuration Management)

2.7.5 Production Readiness Review (PRR)

A PRR is conducted prior to production, to answer the question “Is everything ready?” and
consists of a review of the released design baseline documentation prepared for product
development and acceptance. The PRR may include: performance simulations, review of
released drawings and specifications, test procedures, acceptance criteria, and a demonstration of
producibility. The customer is likely to participate in this review to ensure that their
performance requirements are met and that the production processes and program schedules meet
their needs. The design agent may be required by the customer to support this review.

2.7.6 Production Validation (PV)

Production Validation* is conducted by the manufacturer to ensure that the hardware produced
is in accordance with released design documentation and will satisfy customer requirements. The
cross-functional team, including the design, manufacturing, and customer® representatives,
perform the Product Validation™ to ensure that the production tooling and processes are
producing acceptable products. This review is conducted on the first lot of hardware produced
with production tools and processes tested under defined environmental operating conditions.*
This process in defense contracting is referred to as “Physical Configuration Audit (PCA)”.

2.7.7 Design Review Documentation and Certification

Records of all design reviews will be maintained including action items, points of contact, as well
as identified deficiencies and corrective actions identified.

See Section 4.0 - Configuration Management - Attachment for sample certification document.
2.8 Design Review Terminology

Table 1. Design Review Terminology relates terms used for different reviews conducted during
product development and typical customer participation points. The life Cycle or Configuration
Baseline column begins at product concept and continues to the first production unit. The Dual-

% 1SO Q9001-1994 par. 4.4.8 Design Validation

ISO Q9004-1-1994 par. 8.5 Design Qualification and Validation

Q89000 Quality System Requirements (Automotive) Pg. 59 Chrysler-specific requirements
Production Part Approval Process, AIAG, Pg. 1

Advanced Product Quality Planning, AIAG, Pg. 26 par. 4.5

33
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Use column indicates terminology that is used in this manual. Defense terms were taken from
MIL-STD-1521 (canceled April 10, 1995) and MIL-STD-973. Commercial terminology makes
use of terms used in the commercial automotive industry.

I_ife Cycle or Product

DUAL-USE

Defense Terms’?

Comm’l Terminology

established

Understanding
customer reqmts

Review may be
customer only or may
include supplier.

Phase Requirements Mil-Std-973 & Sequence
ICONCEPT System Requirements | SYSTEM Analytical Design
+ Requirement Review (SRR) REQUIREMENTS ReviewSpecification
Baseline e Supplier IPT ONLY REVIEW (SRR) Review

Contract Review
Conceptual Design

PDR
e Concept Design

[ PRELIMINARY

DESIGN REVIEW
(PDR)

PRELIMINARY DESIGN

REVIEW (PDR)

PRELIMINARY DESIGN
REVIEWs Initial
sample submitted

Audit o design progress

o OK- to begin Detail |* Supplier IPTONLY | technical adequacy |*® Engr Design Review
Design ¢ technical risk ¢ Design Verification DV

* ISO 4.46 _ |« interface compatibility

DVICDR (DV) DESIGN CRITICAL DESIGN CRITICAL DESIGN

¢ Detail Design Audit VERIFICATION REVIEW REVIEW with
- pre Fab e Supplier IPT » meet customer CUSTOMER

« Design Baseline with CUSTOMER reqmts feedback e
established FCA review design « design compatibility Engineering

« Functional dwgs vs. reqmts o risk areas Release Authorization
Configuration Audit | Section 4.0 « producibility * FCA (If customer-
(FCA) o documentation owned design)

Pre-Manufacture
+ Production
Baseline
established

e ISO 4438

(PRR) PRODUCTION
READINESS
REVIEW

» Supplier IPT
with CUSTOMER

Production Readiness

Review
e FCA
¢ PCA

¢ Formal Qualification
Review (w/ FCA)

Manufacturing
Readiness Reviewe
CUSTOMER
Launch Readiness
Review

First Production Units
« Physical

(PCA)
o First Article

Configuration Audit

(PV) PRODUCTION
VALIDATION

s Supplier IPT
with CUSTOMER

¢ PCA “As Built’
conforms to
released technical
docs

see above for PCA

1 PrRODUCTION

VALIDATION (PV)
¢ PCA

e with possible
CUSTOMER VISIT

Table 1. Design Review Terminology
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2.9 Design Changes and Continuous Design Improvements

The design process is never complete; customer needs continually evolve and all products can be
refined to provide current or future customers with a more competitive product by reducing
product costs or by increasing product performance or quality, or by offering new or improved
products. Feedback from production, testing, or the marketplace (customers) provides valuable
information to the design engineers. This information should be collected, monitored, analyzed
and made available to designers.”

2.9.1 Design Changes

All Class 1, form, fit, function, interface, design changes™ require documentation and written
customer approval or waiver of such approval, prior to production. Section 4.0 - Configuration
Management provides a more complete description and requirements for change control relating
to design.

For proprietary designs, impact on form, fit, function, performance and/or durability should be
determined with the customer so that all effects can be properly evaluated. Customer
involvement with the decision to incorporate design changes promotes:

+ Funding for added performance capabilities,
+ Identification of potential interface affects, and
» Informed consent to incorporate proposed changes impacting system performance.

2.9.2 Continuous Improvement techniques
Typical techniques for continuous improvement may include (a) Capability indices (Cp, Cpk),

(b) Design of Experiments, (c) Cost of quality, (d) Parts per million analysis, (¢) Value analysis,
and (f) Brainstorming.

' ISO Q9004-1-1994 par. 7.3 Customer feedback
® IS0 Q9001-1994 par. 4.4.9 Design Changes
ISO Q9004-1-1994 par. 8.8 Design Change Control
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Attachment A: Operational Requirements Matrix (ORM)

Customer instructions

The customer should use the ORM to determine the requirements based on the type of product,
product complexity, and the product’s criticality to their system or program. The candidate
operational requirements applicable to a specific contract are indicated in the Operational
Requirements Matrix “A-B-C-D” columns. The Business Practices Manual contains the details
and background for each requirement and should be provided to suppliers. The supplier’s
operational requirements should be determined as early as possible prior to contract award,
preferably during the proposal or supplier selection phase.

The requirements matrix should be used to establish a baseline for the procurement as determined
by the product complexity, criticality to the project, and by the suppliers previous experience.
Any requirement that is not needed for the product or application should not be checked. The
requirements should be tailored based on the supplier's status:

Column A SUPPLIER PROPRIETARY or CATALOG ITEMS or COMMERCIAL
PRODUCTS - Does not usually require additional controls; all requirements
checked are BASIC ISO 9001

Column B EXISTING SUPPLIER (Build-to-Print) w/ good Quality & Delivery history
Column C NEW SUPPLIERS (Build-to-Print) or marginal performance history
Column D Suppliers with DESIGN ONLY RESPONSIBILITY

This matrix should be requested from established suppliers every 1-3 years, dependent upon
past performance, to allow revalidation of suppliers.

Check marks in specific cells indicate recommendations of the IBP IST team.

Supplier instructions

When an Operational Requirements Matrix cell is MARKED, the supplier should refer to the
Business Practices Manual to understand the requirement in detail. The supplier should reply to
the ORM by referencing their procedure which satisfies the requirement.

The completed ORM may indicate that all operational requirements are adequately addressed by
existing procedures and processes. In this case, the ORM and a signed certification, in the

*  Recommend Business Practices Manual be available via the Internet, or by accessing a customer’s homepage.
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supplier’s format, indicating that all requirements are met and that no additional documentation
will be submitted for customer review.

Program Control Plan

In the event that the supplier self evaluation or a subsequent customer review determines that
requirements are not adequately addressed, a Program Control Plan will be requested by the

customer. The Program Control Plan addresses supplier shortfalls.

Operational Requirements Matrix Legend

A = Proprietary, Catalog, or Commercial products
B = Existing supplier w/good history (Build-to-print)
C = New Supplier or marginal history (Build-to-print)
D = Design Agent only (If same supplier is used for Design & Fab, use 2
columns)
BPM = Business Practices Manual paragraph numbers.
\ = Recommended baseline determined by customer
X = Applicable to this requirement, as tailored by the customer
Note: Footnotes in Table below reference the “additional sources™ that influenced
each requirement.
- ; E E B Source or |BPM REQUIREMENTS Supplier
ISO Par. Par. No Supplier shall document, maintain, Procedure &
_ ) describe, provide or demonstrate: Paragraph
1. [V [V]¥ ]V ]|Qeo01-1 [1.0 MANAGEMENT
= Par. 4.1
2. v {4 ] Q9001-1 1.1 CROSS-FUNCTIONAL TEAM/ORG
Par. 4.1.2 CHARTS
Par. 44.3
3. v [V | Q9001-1 1.2 OPERATIONAL REQUIREMENTS
Par. 4.2.3 MATRIX customer requirements vs.
Note 8 supplier procedures Completed ORM
satisfies requirement
4, ¥ {¥ ] Q9001-1 1.3 PROGRAM CONTROL PLAN
Par. 42.3
5. 4 .*I Q9004-1 1.3.1 SCHEDULE OF KEY PROJECT
Par. 8.2.3 EVENTS
_ Schedule or table format preferred.
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Source or

'BPM

Best Pract.
4

Procedures and Planning

REQUIREMENTS Supplier
ISO Par. |par No Supplier shall document, maintain, Procedure &
) describe, provide or demonstrate: Paragraph
Q8001-1  1.3.2 CUSTOMER PARTICIPATION PLAN
Par. 4.4.6
Par. 4.4.8
Par. 449
Par.
46.4.2
Par. 4.13.2
Par. 4.16
Q9001-1 2.0 DESIGN CONTROL
Par. 4.4
2.3 Design and Development Procedures
and Planning
Q9001-1 2.7.2 System Requirements Review (SRR)
Par. 4.4.2
Par. 446
Qg001-1  [2.7.3 Preliminary Design Review (PDR)
Par. 4.4.2
Par. 446
Q9001-1 [2.7.4 DESIGN VERIFICATION (DV)
Par. 442
Par. 4.4.6
Best Pract.
40
Best Pract. [3.0 | PARTS CONTROL PROGRAM
Best Pract. -3.1 PARTS CONTROL. PROGRAM AND
] PLANNING
Best Pract. 3.4 Customer Notification of Product
“@ Changes
Q9001-1 4.0 CONFIGURATION MANAGEMENT
Par. 4.5
Best Pract.
43
Q9001-1 |41 Configuration Management

40
41

42
43

TRW Automotive Supplier Development Manual - New Part Launch par. 2 pg. I1I-21

Boeing Commercial Avionics Systems - Parts Control Program (BD&SG-CAS) D900-10193-1
Ref. MIL-HDBK-965 (9/26/96) Acquisition Practice for Parts Management
QS-9000 Quality System Requirements, Section II pg. 52, Production Part Approval Process
ISO 10007:1995-04-15 par. 5.3, 7.4, 7.7 Configuration Control
1SO 10007:1995-04-15 par. 5.3, 7.4, 7.7 Configuration Control
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AlB E B Source or |{BPM REQUIREMENTS . Supplier
ISO Par. Supplier shall document, maintain, Procedure &
Par. No
1 ’ describe, provide or demonstrate: Paragraph
NN Q0011 [4.2 SUBCONTRACTOR CONFIGURATION
Par. 4.6.2 CONTROL
b)
|1 ][ Nati std®
JId[d]Qo001-1 |4.3 CONFIGURATION CONTROL BOARD
Par. 4.5.3
L] INatl std®
v [Nati Std.¥ 4.4 INTERFACE MANAGEMENT
11T [NNati std® |47 PART NUMBER CONTROLS
17T ININati std® |48 CONFIGURATION
Ll BASELINE/MANAGEMENT
J|4[¥]Qe001-1 4.9 CONFIGURATION CHANGE
Par. 4.5.3 MANAGEMENT
Lo g | Natistd® i
¥ J|Qo001-1 4.9 MAJOR ENGINEERING CHANGES
Par. 453
|l ] [ Natista®. | _

VAR Natl Std® |4.10 REQUEST FOR VARIANCE
171319 |Nat sta® [4.11 | CONFIGURATION STATUS
N _ | _ACCOUNTING

+ [V | Natl std>  |4.12 DISASTER RECOVERY PLAN
17141 |qo001-1 [4.13 | PRODUCT SERIALIZATION
1 Par. 4.8____ i

N Natl Std® [4.14 AS BUILT CONFIGURATION REPORT

’ v |Q9004-1 |4.15.1 |FUNCTIONAL CONFIGURATION AUDIT

Par. 8.5.3
Natl Std*®

45

46

47

48

49

50

51

52

53

54

55

56

EIA STANDARD IS649-95 par. 5.1.6 National Consensus Standard for Configuration Management

“... when there is a rational need ...as appropriate to the product being acquired.”

ISO 10007:1995-04-15 par. 3.4, 7.3 Configuration Board

ISO 10007:1995-04-15 par. 7.2.1, 7.4.2 “... evaluation of changes ...”

ISO 10007:1995-04-15 par. 523 & 7.2.3

EIA STANDARD IS-649-95 par. 5.2.3.d Product Identification

ISO 10007:1995-04-15 par. 3.3,524 & 7.2.4

ISO 10007:1995-04-15 par. 7.4

EIA STANDARD IS-649-95 par. 5.3(b) Change Management; par. 5.3.1.2(a) Major
ISO 10007:1995-04-15 par. 7.4

ISO 10007:1995-04-15 par. 7.3, 7.5.2

EIA STANDARD IS-649-95 par. 5.3.4

ISO 10007:1995-04-15 par. 7.5.3 CSA Reporting

EIA STANDARD IS-649-95, par. 5.4

ISO 10007:1995-04-15 par. 5.3 Configuration Control - disaster recovery

ISO 10007:1995-04-15 par. 7.6 Configuration audit procedure as-built/produced
EIA STANDARD IS-649-95, par. 5.5 Figure 12

MIL-STD-973 (4/17/92) Configuration Management (Military Standard) App. H Task 501
ISO 10007:1995-04-15 par. 7.6 Configuration Audit Procedures
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Source or |BPM REQUIREMENTS Supplier
ISO Par. |p5r No Supplier shall document, maintain, Procedure &
' describe, provide or demonstrate: Paragraph

Natl Std” [4.15.2 PHYSICAL CONFIGURATION AUDIT
Q9001-1 5.0 QUALITY SYSTEM

Par. 4.2

Q9001-1 |5.4 QUALITY SYSTEM DOCUMENTATION
Par. 4.17

Mil 5.5.2 INITIAL LOT VALIDATION

Q9001-1 |5.5.3 IN-PROCESS INSPECTION

Par. 4.10.3

Q9001-1 |5.5.4 FINAL INSPECTION

Par. 4.10.4
-Q9001-1 '-5.5.5 CUSTOMER WITNESS OF FINAL

Par. 4104 INSPECTIONS
-09001 -1 .5.6.3 INSPECTION & TEST STATUS

Par. 4.12

Q9001-1 |5.6 NONCONFORMING PRODUCT

Par. 4.13 DETERMINATION AUTHORITY

Par. 4.13.2

Q9001-1 |5.71 RECORD RETENTION

Par. 4.16

Q9004-1 |5.8 CONTINUOUS IMPROVEMENT

Par. 5.6 PROGRAM

Q9004-1 |5.9 COST-OF-QUALITY

Par. 6.2.2

a)

Q9001-1 [6.0 SUPPLIER SELECTION

Par. 4.6.2 |6.1 POLICIES, PROCEDURES AND

%est Pract. PLANNING

Q9001-1 |6.4 -SUPPLIER PERFORMANCE RATING
Par. 46.2c SYSTEM

Q9001-1 .7.0 . PROCUREMENT CONTROLS .

Par. 4.6 7.1 PROCUREMENT PROCEDURES

Par. 46.3

Q9001-1 |7.4 PROCUREMENT SYSTEM

Par. 4.1.3 EVALUATIONS

Par. 4.17

57
58

ISO 10007:1995-04-15 par. 7.6 New Part Launch par. 5 pg. I1I-22
TRW AEN Automotive Supplier Development Manual, 9/96 pg. I11-2
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Source or

BPM REQUIREMENTS Supplier
ISO Par. |par No Supplier shall document, maintain, Procedure &
’ describe, provide or demonstrate: Paragraph
Q9001-1 {8.0 CUSTOMER PROPERTY CONTROLS
Par. 4.7
MIL* 8.1 CUSTOMER PROPERTY POLICIES,
PROCEDURES AND CONTROL PLAN
Q9001-1 |8.3 CUSTOMER PROPERTY
Par. 4.7 IDENTIFICATION, CARE AND
Par. 4.15.5 REPORTING
MIL%® 8.4 DISPOSAL OF CUSTOMER
PROPERTY
Q9001-1 [9.0 HANDLING, STORAGE, PACKAGING &
Par. 4.15 DELIVERY
Par. 4.15.1
Par. 4.15.4
9.1 HANDLING AND PACKAGING
POLICIES, PROCEDURES
9.2 PACKAGING
Q9001-1 |9.3 BAR CODING
Par. 4.15.4
MIL®
Q9001-1 |9.4 HANDLING, PRESENTATION AND
Par. 4.15.5 PROTECTION
Q8001-1  |10.0 PRODUCTION PROCESS CONTROLS
Par. 4.9
10.1.1 MANUFACTURING PLANNING
Q9001-1  |10.1.2 APPROVAL OF MANUFACTURING
Par. 4.9e OR ASSEMBLY PROCESS
Par. 4.11
Q9001-1  [10.1.5 PROCESS CAPABILITY STUDY
Par. 4.9d
Par. 4.10
MIL 10.2.1 REPORTING PROCESS CONTROLS
AND IMPROVEMENTS
Best Pract. |10.3 DEMONSTRATION OF OPERATIONAL

CONTROLS

59
60

61

FAR 52.245 Government Property (Fixed-Price Contracts)

FAR 52.245-2 (i) Final Accounting and disposition...

FAR 45.6 Reporting, Redistribution, and Disposal of Contractor Inventory
MIL-STD-2073 (10/96) DoD Standard Practice for Military Packaging Par. 4.1.1;
MIL-STD-130 (6/1/97) Identification Marking of US Military Property (Standard Practice)
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Source or |BPM Supplier
ISO Par. Par. No Supplier shall document, maintain, Procedure &
' describe, provide or demonsirate: Paragraph
Best Pract. 10.4.1 VARIABILITY REDUCTION
INSTRUCTIONS
Q9004-1 11.0 PRODUCT SUPPORT AND LOGISTICS
Par. 16.4.3{11.2 PRODUCT SUPPORT PLAN
Par. 16.4.4
Best Pract.
62
MIL® 11.3 TRANSFERRABLE TECHNICAL DATA
PACKAGE
Best Pract. {12.0 Reliability
L 4
Best Pract. [12.8 RELIABILITY PROGRAM
Q9004-1 12.9 FAILURE REPORTING
Par. 16.5
Par. 16.6

62
63

Ref. MIL-HDBK-502, 5/30/97
MIL-DTL-31000 Technical Data Package, 6/9/97
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TRW Automotive Electronics

Program: DATE
Industrial Base Pilot PROGRAM CONTROL PLAN 5/26/99 11:59 AM

PROGRAM CONTROL PLAN

IBP/MPCL PROGRAM
(Example)

Using Business Practices Manual
and Operational Requirements Matrix

Date: 21 April 1998 Rev: Original

Prepared By:

J. Ronald McDonald

Certification that all customer requirements are complied with as described in our internal
procedures and this document:

Date
TRW AEN Program Manager, Len Groth

Date
TRW AEN Quality Assurance, Fran Pepper
Customer Acceptance:

Date

TRW ASD IBP Program Manager, Chuck Ebeling
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TRW Automotive Electronics

Program: DATE
Industrial Base Pilot PROGRAM CONTROL PLAN 5/26/99 11:59 AM
_ CHANGE CONTROL _
REVISION | DATE AUTHORIZATION REVISION/CHANGE | PAGES
] ] DESCRIPTION I AFFECTED
Original | 4/21/98 J. R. McDonald Incorporate input ALL
from AEN
REFERENCE DOCUMENTS

IBP Military Products from Commercial Lines, Business Practices Manual
ISO Q9002-1994; Quality Program Requirements

INTRODUCTION

This Program Control Plan is designed to comply with the intent of customer requirements as
stated in the contract, in the Business Practices Manual Par. 1.4, and in ISO Q9001-1994 Par.
4.2.3.

TRW AEN has received (1/5/97) the 3rd party QS-9000 certification.

QS-9000 is the Automotive Industry Association’s adaptation of ISO-9000 Quality System
requirements. TRW AEN systems are compliant with QS-9000 and are therefore compliant
with ISO Q9001-1994.

NOTE: TRW ASD actions and responsibilities are shown in BLUE ITALIC format for
clarification of program continuity only.
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TRW Automotive Electronics

Program:

Industrial Base Pilot PROGRAM CONTROL PLAN

DATE
5/26/99 11:59 AM

1. ORGANIZATIONAL & TECHNICAL INTERFACES
Ref. Business Practices Manual Par. 1.2
Ref. ISO Q9001-1994 Par. 4.1.2

1.1 IBP Program Management Organization
IBP has established a multi-functional Integrated Product Team including:
Wright Laboratory/Manufacturing Technology (WL/MT)
TRW Avionics Systems Division (ASD)
TRW Automotive Electronics North America (AEN).
Ref. AEN SPI 160 CDP Pg. 1-9-12

1.2 IBP IPT Organization

Contracts
e VanDuker, D., ASD

Program

Management
s Eheboe, WO TRW ASD

Subcontracts

 Eichner, A., ASD

* Adams, R., TRW ASD

* Bergantz, BGen J., Comanche PMO

¢ Browning, C.,

¢ Gallo, T., LMAS

< Harrison, D., Comanche PMO
* Muckley, R., TRW AEN

* Mushala, BGen M., ASC/YF

» Ogg, J., ASC/YF

* Richey, M., Comanche

» Utendorf, D., WL/PK

* Walters, M., LMTAS

* Wise, C., LMTAS

Program Control
¢ O’Brien, C., ASD
« Wright, S., AEN

e Kinsella, MU W E/NTEM
«CGroth. LUOTRW AEN

Executive
Team

Administrative
« Sibley, J., ASD

+» Blanchette, B., JSF

» Broadwell, M., LMAS

+ Gibler, B., ASC/YFAA
» Harman, C., TRW ASD
« Hayer, LtCol C., IASO DCMC
¢ Isaacs, R.,,RAH-66 JPO
+ Knight, G., Boeing

* Martin, L., LMTAS

¢ Russell, E., Comanche
+ Shue, R., LMTAS

IPT Integration and Transferable Results

Business Policies

Manufacturing
Infrastructure

Process
Technology

McDonald, R.

Hovsapian, R.

Figure 3. IBP Program Organization
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Industrial Base Pilot PROGRAM CONTROL PLAN 5/26/99 11:59 AM

1.3 Program Contacts at TRW AEN

Name _ Program Function | Telephone/FAX
Len Groth IBP AEN Manager 217-826-3011
| | ext. 2455
Fran Pepper | Quality Manager | ext. 2341
Judy Stone | Engineering Services Mgr. | ext. 2324
John Van Sandt | Quality Engineer | ext. 2345
Ron Hill _ Product Engineer | ext. 2250
Allen Kerr Process Engineer | ext. 2426

Table 3. TRW AEN Contacts

1.3.1 Program Manager

TRW AEN has appointed Len Groth as program manager for day-to-day decisions and interface
with TRW AEN at Marshall, IL and Farmington Hills, MI and for interface with the IBP/MPCL
Integrated Support Teams. This manager reports Rusty Burrell, Manager Manufacturing
Engineering, Marshall IL. Operations.

1.3.2 Quality Engineer

A Quality Engineer, John Van Sandt has be assigned to the program to assure that quality tasks
are adequately defined and implemented. He will control the quality assurance program without
regard for organization's boundary by monitoring the overall quality effort and by making
periodic reports to Program Management.

2. PROGRAM CONTROL PLAN

Ref. Business Practices Manual Par. 1.4

Ref. ISO Q9001-1994 Par. 4.2.3 Quality Planning

TRW ASD actions and responsibilities are notes shown in BLUE ITALIC format for
clarification of program continuity only.

A review of contract (AEN OP 4.3.1) and Quality Function Deployment (QFD) was completed
in October 1994. The Operational Requirements Matrix was subsequently completed in
November 1996 by a cross-functional team, to identify requirements regarding all contract phases
i.e., design, manufacture, inspection, test, delivery.

This Program Control Plan (AEN OP 4.2.3) describes the processes that will be used to satisfy
the customer requirements that are currently outside of the QS9000-certified TRW AEN internal
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policies, procedures and processes.

3. SCHEDULE OF KEY PROGRAM EVENTS

Ref. Business Practices Manual Par. 1.4.1
Instructions: Key program events are maintained and provided to the customer.

Ref. SPI 160 CDP par. 1.2.7

ACTIVITY | SCHEDULE DATE
Design Reviews ASD | On-going to 3/97 Completed
Design Verifications ASD _ FCA = 2/3/98 @ ASD
Configuration Audits FCA = 2/3/98 @ ASD
i | PCA = 4/98 @ AEN-Marshall, IL.
| Trial Run or Proto-type | 1/97 thru 3/98 (DV) Completed
| Program Control Plan _ 3/11/98 Completed
| Production Validation PCA = 4/98 @ AEN, Marshall (PV)
| Product Delivery | 75 ea. PNP 8/98; 41 ea. FEC 8/98
| Qualification Testing ASD | 6/98 (F22 SoF) After IBP POST-IBP
| Acceptance testing ASD | 6/98 POST-IBP

Customer and members of the IPTs will be advised of significant changes in the schedules during
the Quarterly Self-assessment meetings.

4. CUSTOMER PARTICIPATION PLAN

Ref. Business Practices Manual Par. 1.4.2

TRW AEN uses the concurrent development process (CDP, SPI 160) to measure progress and
make adjustments to product introduction schedules. We will use this system for IBP as it

relates to manufacturing, customer involvement and recommend the customer participation would
take place at the End-of-phase Exit Reviews .

Phase Exit Review (PCA) Attendee:

1. Customer (Air Force Rep) ...ccocvverveevenncnne TBD
2. IBP Program Mgr. (ManTech)................. M. Kinsella
* Contractually required for IBP customer to witness 15 minute change-over.
3. IBP Program Mgr. (TRW ASD).............. C. Ebeling
4. IBP Program Mgr. (TRW AEN).............. L. Groth
5. PT Team Leader........cccovrvverreirrnncnencnnnn M. Myers
6. PT RMMu. .ot M. Myers
(includes Lockheed & Boeing PT representatives)
7. MI Team Leader........cccoceeiinciiccinnnnncnne R. Hovsapian
8. BP Team Leader........cccceeevvverervierrennnnnen. R. McDonald
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Due to the nature of IBP program, several demonstrations may be required that are not normally
done in commercial industry. Additional participants beyond the normal customer/supplier
relationship (ASD/AEN) may be invited for reviews. The customer representatives may include:

» IBP Program Manager for TRW ASD

» IBP Program Manager for WL/MT

» IBP Process Technology Team Manager

e IBP Program Manager for TRW AEN

s TRW ASD Configuration Management Manager
s USAF F22 System Program Office

»  Lockheed Martin Aerospace System

» Lockheed Martin Tactical Aircraft System

*  Boeing/Sikorsky RAH-66 JPO

Customer may conduct, witness, or monitor inspections or tests required to substantiate product
conformance to Engineering drawings, specifications, and contract requirements at TRW AEN
facilities when such activity does not disrupt the manufacturing process flows.

5. DESIGN REVIEWS

Ref. Business Practices Manual Par. 2.0

IBP designs are being created at TRW ASD, with the manufacturing support of TRW AEN.
Design reviews are the responsibility of TRW ASD and will be supported as necessary (DV,
MRR, PV) by TRW AEN. These Design Reviews are conducted by the Integrated Product
Development Team (IPDT) on a 4-6 week basis with the Design Verification scheduled for
February 3, 1998 in San Diego.

5.1 Customer Verification (CDR)

Ref. Business Practices Manual Par. 2.9.4

CDR was conducted in Marshall, IL. in March 1996 and included several Technical Interchange
Meetings during the evolution of the design.

5.2 Customer Verification (PV)

Ref. Business Practices Manual Par. 4.16.3, 5.6.1.2

Manufacturing Readiness Review including Physical Configuration Audit will be conducted by
AEN and ASD PT members in Marshall, IL in March 1998. Tasks to be completed:

Review of first lot of production validation hardware (5.6.1.2)

Hardware is produced in accordance with released design documentation
(Physical Configuration Audit) (4.16.3)

Customer requirements are satisfied
- 15 minute production line change over to be demonstrated
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- 75 ea. PNP Modules
- 41 ea. FEC Modules

6. REVIEW AND AUTHORIZATION OF CHANGES
Ref. Business Practices Manual Par. 4.4, 4.10, 4.10.1

The change control system (AEN SPI 160, CM 4.5.2-1 and CM 4.5.3) provides for
documentation, approval, implementation, and verification of changes on technical and hardware
documents, and changes which require established points of effectivity.

Configuration Management procedures assure that current drawings, specifications, and changes
are forwarded to operating personnel as they are released.

AEN Operating Procedures Manual Section II OP 1.01 Par. 6.4 - Engineering support notifies
the customer when part number, engineering change level, manufacturing location, material
subcontractor and production process environment are changed. A determination is made with
the customer as to whether the item needs to be re-qualified. Engineering drawings and
documents and changes thereto are prepared and controlled in accordance with Configuration
Management Procedures.

Ref. Business Practices Manual Par. 4.4 Change Control Board (CCB)

TRW AEN uses a cross-functional team according to CM 4.5.3-2 configuration changes. This
team consists, as required, of Quality Engineering, Manufacturing Engineering, and Design
Engineering who are responsible for reviewing technical documents; i.e., Specification or Source
Control Drawings, test procedures, drawings, fabrication, and planning documents for compliance
to design and quality requirements. AEN DCN form FO102 has customer interface requirement
and authorization. Customer approval is the responsibility of the Marshall P.E.M or FHMIL
P.D.M.
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Document Approval 1 COMPONENTS ASSEMBLIES & DETAILS
TRW] ASD AEN ASD ) AEN
P.N. X X Module P.N.
) all others | (Highest Level)
CM Control | X ] X
Drawn By | X X ]
Quality | X X
Engineering | X X
Check | X X
Manufacturing ' X X
IPT Lead X

Note: Review and authorization of Variances is addressed below in #0 11. Control of
Nonconforming Products.

7. MATERIAL ACQUISITION AND INSPECTION
Ref. Business Practices Manual Par. 8.3

Material purchased by TRW AEN (per OP 4.6.1, SPI 450) shall be shipped to Marshall, IL and
received and inspected per AEN’s established procedures (per OP 4.10.1).

TRW ASD material shall be purchased on a purchase order with a Q-1 Quality clause (count and
damage at receiving) and shall be received against the appropriate purchase order line item.
These parts shall be processed through receiving inspection and stored in the contract stores
area. Material shall be issued to IBP manufacturing representatives using a Contract Material
Requisition (CMR). TRW AEN may request that, for tracking purposes, such material transfer
to us by means of a no value Purchase Order issued by TRW AEN to TRW ASD.

Material may be drop-shipped to TRW AEN and received per TRW AEN’s procedures with
notice of receipt sent to TRW ASD’s IBP Material Planner.

8. MODULE HANDLING & MARKING
Ref. Business Practices Manual Par. 4.14, 5.8, 9.3
Modules received from TRW AEN will be bar code marked per the assembly drawing including,

part number, revision letter and serial number.

These modules will be processed at TRW ASD under a note receiver, will not require receiving
inspection, and will be issued to the manufacturing representative. The ASD manufacturing
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representative will document all operations, including rework and testing performed on the
module. This documentation will be primarily performed using the local extension (in San Diego)
of the TRW AEN Computer Integrated Manufacturing (CIM) System.

PV module Acceptance Test Procedure (ATP) and Environmental Stress Screening (ESS) will be
documented with the appropriate F-22 test data sheet. In the event that the CIM system is
unavailable, events logs shall be used and the data from them transferred into the AEN CIM prior
to module delivery to the IBP customer.

In the event of the module rework, repair, or retest at TRW ASD, such operations will be
authorized by the manufacturing representative and documented in one of the methods noted.
Inspection of rework/repair performed on the modules at TRW ASD will be the responsibility of
the TRW AEN representative or their delegate. TRW ASD inspection will not be required on IBP
hardware. However, adequate quality and manufacturing records will be maintained (per BPM
5.8).
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9. AS BUILT CONFIGURATION REPORT

Ref. Business Practices Manual Par. 4.15

Product structure and parts traceability data is available in the manufacturing CIM system.
Product is built to the latest released BOM at all times. This report will be provided in a format
determined by the AEN information systems department.

The As Built report format will be established during Production Validation. All information for
a product part number e.g. bill-of-material, current revision, bar code serial number and material
sequence numbers is available in the CIM system. Component suppliers and material date codes
can be traced through the sequence numbers.

As-built reports will be available after first pre-PV runs. PNP target date is after 3/20/98.
FEC is early April, '98.

10. Physical Configuration Audit

Ref. Business Practices Manual Par. 4.16.3

Will be conducted as a part of the PV (# 0 above).

Physical Configuration Audit will be conducted in accordance with the
PCA LEVEL 3 requirements (BPM 4.16.3).

11. Control of Nonconforming Products

Ref. Business Practices Manual Par. 5.7

Requirement: Final determination by the customer for “use as is” or “repair” dispositions and
for any major nonconformances is applicable to a cost-type contract.

Ref. AEN OP 4.13.1 Par.5.5; OP 4.13.1-1 Par. 3.1
TRW AEN does not ship any nonconforming product to a customer. There is no need for
approval to ship product with “variances”. The product is either reworked to meet requirements

or is replaced. “Use as is” and “repair” are not permitted dispositions for customer product in
the TRW AEN procedures.

11.1 Nonconforming Materials/Component Identification & Segregation
Nonconforming material or components are segregated from acceptable materials or production
flow by placing them in designated areas that are controlled and dispositioned by an authorized
Material Review Board (MRB). MRB dispositions for material or components will include
rework, return to vendor, or scrap.
+ “rework” - vendor product is reworked to meet the requirements of the specification
» “return to vendor” - product is returned from receiving inspection to the supplier for
rework to requirements or replacement.
e "scrap" - vendor product is permanently and positively identified to preclude
unauthorized use
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12. MANAGEMENT OF CUSTOMER-OWNED PROPERTY
Ref. Business Practices Manual Par. 8.3, 8.4, 8.5

Ref. TRW AEN OP 4.7.1 Control of Customer Supplied Product.

When Customer furnished property is found to be damaged, malfunctioning, or otherwise
unsuitable for use, such conditions will be reported promptly to the appropriate Customer
Representative.

. Examination upon receipt, to detect damage in transit (OP 4.7.1 Par. 5.2)

. Ensure articles received are as specified in shipping documentation

. Protection, maintenance, calibration, periodic inspection, and controls necessary
to preclude damage or deterioration during handling and storage (OP 4.7.1 Par. 5.3)

. Protection from improper use

. Disposal of Customer-furnished property. (See 0 below)

12.1 Disposal of Customer Property
Ref. Business Practices Manual Par. 8.5
Disposal is outlined in AEN document MAM 1.1 Par. 3.4

Persons initiating equipment dispositions (scrap, sell, storage, transfer, customer returned
equipment) must complete an Equipment Disposition form (F0256) and route for proper

signature approval. Customer approval is required prior to the disposition of customer-owned
equipment or tooling. (Underlined sentence is stated in F0256 document.)

13. CONTRACT COMPLETION BY TRW ASD
Ref. Business Practices Manual Par. 8.3, 8.4, 8.5, 9.0, 9.4

NOTE: Upon receipt of modules from TRW AEN for further processing and testing at ASD, the
TRW ASD property administrator shall:

a) verify condition and identify customer property upon receipt;

b) provide care and maintenance and storage

¢) ensure customer product is not physicallv commingled “segregation of product”

When these modules have completed assembly and testing, a “DD250” shall be prepared at TRW
ASD and used to deliver the modules “in place” to the IBP customer. The IBP modules will be
tagged as Government Property by the TRW ASD property administrator and shall be tracked
and logged per TRW ASD procedures.

Finished modules that are not required by F-22 or RAH-66 shall be stored in the controlled IBP

Finished Goods area. The finished IBP modules will be delivered to the F-22 / RAH-66
integration lab at TRW ASD for system integration upon completion of a DD 1149 transfer
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document as agreed in the TRW-WL/MT Transfer Agreement.

Disposal or return of any IBP-owned modules will be in accordance with properly authorized,
written direction of the WL/MT customer.
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3. Parts Control

Objective: To reduce product cost by selection of a component’s performance, quality,
durability, maintainability and reliability.

A Parts Control Program® is an industry “Best Practice” for the selection of parts or materials

during the product life cycle. A Parts Control Program is obviously more applicable during the
design phase, but is also applicable when obsolescence, modifications, or reliability become an

issue after product development. A Parts Control Program is established to:

« achieve life cycle cost savings or cost avoidance,

+ reduce parts proliferation in a product or system (reduce the number of part types,
grades or values),

« minimize the affect of parts obsolescence , and
» improve interchangeability, reliability and maintainability.

A world-class parts or material selection process includes such activities as Integrated Product
Teams (IPT) with customer involvement and sub-tier supplier alliances and shared databases to
evaluate various technologies and performance characteristics of candidate parts as compared to
the design requirements.

The requirements developed in this document are only applicable when specified in the contract,
statement of work or operational requirements matrix.® The supplier’s own processes or
systems must meet the intent of ISO 9001 and these requirements. The following requirements
for policies and/or procedures are established:

Requirement Title Par.
1. 3.1 Parts Control Program and Planning.........c.cccceevevimnccninnncvcninnnnnnn. 3.1
2. 3.4 Customer Notification of Product Changes.......c...ccceverererevcriicncnnncne 3.4

The Automotive Industry Association and commercial companies such as Boeing Commercial
Avionics Systems have developed parts control program requirements. Many of these programs
evolved from, and make reference to, the MIL-STD-965A specification which was replaced by
MIL-HDBK-965 in September 1996.

3.1 Parts Control Program and Planning

The supplier should have a facility-wide documented Parts, Material, and Process Control
Program for the selection and use of parts, materials, and processes in the design and

64 Boeing Defense and Space Group, Commercial Avionics Systems -
(BD&SG-CAS) D900-10193-1 Parts Control Program

Organizational and Technical Interfaces BP Requirements Section 1
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manufacturing of the product. It is a best practice found in commercial and defense industries that
the supplier adopt a cross-functional team® culture for parts selection. The typical Parts
Control Program includes the following formalized processes.

« Internal approval process including: organizational and technical interfaces for design
activities,® and identification of Parts Control Board members, if applicable.

 Order of part preference or level of authorized use (i.e., disapproved for use, limited use,
conditional use, or preferred use) including applicability definitions as determined by
supplier’s process.

» New parts selection or substitution procedures considering cost, availability, quality of
parts or material while minimizing the need for customer oversight, ability for future
upgrades, emphasis on process controls in manufacturing, and management of new
suppliers who will support the design and production objectives.

+ Part standardization for compatibility with manufacturing processes, and reduction of parts
types and values within the product or system. Preferred parts should be identified for use
by the designers.

« Parts obsolescence - with the lengthy design and development cycles, it is critical for “out-
of-production parts” to be addressed as early as possible.

» On-going product supportability (reliability, maintainability, logistics) efforts
+ Qualification to customer requirements for reliability and performance of parts or material

» Formal customer approval for a specified part number, manufacturer, production process
and location, engineering change (revision) level to be authorized for use in the specific
product® including an order of preference or level of authorized use. Those parts that are
selected for use in a product design may require parts approval or product qualification
prior to beginning production by either the commercial or DoD customer.

» Notification to customer of potential product performance issues or delivery schedules.

« Component database or library for collection of all parts and material information including
reliability reports and part qualification data, specifications, data sheets, test results, trade
studies, and analysis and exchange of this information with the customers and preferred
suppliers.

Supplier shall describe its internal parts control® procedures and processes for selection,
qualification, standardization, approval and data collection for parts to be used in the
product design and manufacture.

66 See Section 1.0 Organizational and Technical Interfaces :
Parts Acquisition Reform Team BEST PRACTICE 4/30/96, pg. 6 Design Process
67 ISO Q9001-1994 par. 4.4.2 Design and Development Planning
ISO Q9001-1994 par. 4.4.3 Organizational and Technical Interfaces
68 QS-9000 Quality System Requirements, Section II pg. 52
Automotive Industry AIAG Production Part Approval Process (PPAP)
69 ISO Q9001-1994 par. 4.4.2 Design & Development planning
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When the supplier’s existing parts control procedures and systems do not adequately address
customer requirements, a Parts Control Plan is developed in sufficient detail to clearly describe
the supplier’s parts control organization and intended approach for selection, standardization,
qualification, substitution and alternate parts, approval process and data collection for parts to be
used in the product design to ensure that stated performance and reliability requirements are
satisfied. This Parts Control Plan typically requires customer approval prior to implementation
or for any changes affecting the intent of the plan and may be combined with the overall Program
Control Plan.

3.2 Supplier Component Library

This process for compiling parts information is determined by the supplier and may take the
form of an on-line database (i.e., Parts Data Management or MRPII system) or may be a design-
tool component library. The supplier may be required to demonstrate their process for collection
and use of parts information during the supplier selection process.

A component database or library is a “best practice” and is essential to accomplish cost savings
and schedule improvements mandated by customers. Typical advantages of a component library
include the following.

» Accelerates the design cycle time by providing designers with parts to choose from that
have been previously approved. Parts reliability and qualification information is available
and suppliers are pre-approved.

« Reduces the variety of values within a parts family, thereby increasing the potential
quantity to be purchased and reducing the parts costs.

 Provides procurement with the opportunity to forecast parts usage and provide for grouping
of acquisitions with sub-tier suppliers and thereby improving the parts availability and costs.

A typical parts information and data collection system includes elements which provide useful
information for electrical and mechanical parts or assemblies for use in design, acquisition,
inventory and logistics or repair activities.

» Basic Part Information

e Form, Fit, Function, Interface

* Qualification and reliability

+ Standardization

 Special Characteristics”

¢ “Where used” (Reverse Bill-of-Material)

» Robust Design models and analysis tools

BOEING CAS: D900-10193-1 Pg. 15 par. 3.1 Parts Control Plan
70 Advanced Product Quality Planning and Control Plan (Automotive Industry AIAG) par. 2.8 pg. 16
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3.3 Shared Databases

It is desirable that a component database of relevant information be accessible to industry,
customers and suppliers. Use of shared databases” will increase the parts knowledge base for all
participants. A shared database will reduce the product costs by providing information for
increased parts standardization and will reduce the suppliers’ costs associated with qualification,
redundant testing, re-design activities, and component failures or obsolescence.

3.3.1 Government Industry Data Exchange Program (GIDEP)

An example of a shared database is the Government Industry Data Exchange Program (GIDEP)
database which is available free of cost to all suppliers who provide products to the Government.
This database only requires participation and submission of parts information including:
engineering, failure experience, metrology, reliability and maintainability and other product
information.

GIDEP Operations Center

2300 5th Street, Norco, Ca 91760

Mailing address: PO Box 8000, Corona, Ca 91718-8000
Voice: (909) 273-4677 FAX: (909) 273-5200
http://www.gidep.corona.navy.mil/data_inf/faq.htm

3.4 Customer Notification of Product Changes or Phaseout

The supplier shall establish, document and maintain as necessary a process for advanced
customer notification™ of proprietary product phaseout or of changes to any product that
may affect the customer’s intended application’s form, fit, or function.

As a member of the customer’s Integrated Product Team, the sub-tier supplier should willingly
provide ample warning of impending changes to critical components used by his customer. The
sub-tier supplier should advise the customer of all changes to proprietary products or to any
product for which the supplier has design responsibility, which affect the customer’s form, fit,
function or interface attributes applicable to device family, and allow ample time for the customer
to assess changes and potential re-qualification requirements. Failure to provide this notice, may
cause the customer to lose market position, thereby losing profits and jeopardizing the sub-tier
supplier’s relationship. This requirement is closely aligned with design controls and
configuration management requirements for customer notification and approval of changes
affecting a customer’s product design; however, this requirement is aimed toward the continued
customer relationship when the supplier has control of the design.

71 Parts Acquisition Reform Team BEST PRACTICE 4/30/96, pg. 16 Shared Database
(Lockheed Martin, McDonnell Douglas, Hughes)
72 QS-9000 Quality System Requirements, Section II pg. 52, Production Part Approval Process
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3.5 References

Additional sources of parts control information.

Parts Control Best Practices, Parts Acquisition Reform Team, Government/Industry
Support Team, April 30, 1966: McDonnell Douglas, Hughes, Lockheed Martin

CAS Electrical/Electronic/Electromechanical Parts Control Operating Plan
Boeing Defense & Space Group, Commercial Avionics Systems 8/10/86

Product Part Approval Process, Automotive Industry Action Group, 2/1993
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Attachment A - Parts Control Program

Note: This attachment is NOT a requirement, but is provided as a “best practice”.
3.6 Parts Control Program Guide

This attachment is provided to express the level of detail desired of defense suppliers, to
highlight the subjects of interest, and to provide examples of parts selection programs. It is
intended that the suppliers can establish, or supplement, their parts & materials management
programs to accomplish the specific defense requirements as stated in the Statement of
Objectives.

Parts and raw materials are the building blocks of all systems. It is imperative that they be
selected and applied in a manner that ensures their “robust” use for the particular conditions
under which they must operate”. A “robust” product/process design will function with limited
variability in spite of diverse and changing conditions of the military environment or component-
to-component variations.

Any parts control system should focus on two primary goals:

» The selection of parts and materials which reliably perform the needed function for the
design life of the equipment, in the environment in which they are intended to operate.

» To provide cost effective parts and materials throughout the equipment life cycle.

Although raw materials are not discussed separately, most of the concepts and methodologies
discussed for parts are also applicable to materials.

Figure 1. Typical IPT Design/Parts Selection Flow provides an example flow chart for the
selection of microcircuits, (see Figure 4. Microcircuit Parts Selection Flow on page 66) using the
principles discussed in this section.

3.6.1 Integrated Product Team (IPT)

In order to establish a design process which includes the selection of appropriate components,
and that responds on a real time basis to rapid changes in design tools and component
technology, it is essential for the supplier to adopt an cross-functional team or concurrent
engineering culture such as an Integrated Product Team.

Open and frequent communication within this group must exist in order to ensure the successful
design and manufacture of a product. It is not, however, necessary to have a separate functional
person or group for each of the above disciplines, as long as issues related to each are addressed
in the design, parts selection and sub-tier supplier selection processes.

7 Commercial Parts and Practices for Military Applications, Fayette D., MacDiarmid P., et. al., Rome

Laboratory, Reliability Analysis Center, June 2, 1995.
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3.6.2 Parts Control Plan

The top portion of Figure 1. Typical IPT Design/Parts Selection Flow indicates the elements
necessary in the selection of parts and sub-tier suppliers. The center shows the implementation
of approved parts as an element of the design/manufacturing process and the bottom shows the
key elements of an ongoing product support program.
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Figure 1. Typical IPT Design/Parts Selection Flow

A parts control plan should ensure that parts and materials will effectively meet the specific
application requirements. In general, each supplier should have a comprehensive parts control
system that addresses the manner in which the following elements are handled:

» Evaluation and selection of parts and sub-tier suppliers

« Identification of preferred parts and critical parts/technologies/ sub-tier suppliers

«  Supportability (standardization, obsolescence, failure analysis, action requests, etc.)

« Data management (data sheets, specifications, sub-tier supplier data)
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3.6.3 Parts Selection as an Element of Design

This section of the Business Practice Requirements provides a suggested process for the selection
of parts with appropriate and adequate function, performance, reliability, and durability
characteristics.™

Initially in the design process, there must be a clear understanding of the desired function and
performance required, as well as the intended usage of the product including an evaluation of the
environment in which the product will perform.

When considering the use of commercial or industrial parts for a military application, parts
selection, design, and manufacturing are inseparable processes and require more evaluation than
might otherwise be necessary. This is primarily due to a lack of substantial field history of these
parts in military environments. Parts selection for military applications needs to move beyond
questions of compliance to benchmark standards into questions about reliability and performance
in specific applications. The selection process requires the application of rigorous engineering
methods, disciplined procurement practices, and the use of reliability, physics-based analytical
tools and methods.

Figure 2. Parts Control Process below depicts a parts control model that is typical for defense
applications. The Military Parts Control Advisory Group (MPCAG) and Defense Supply
Center Columbus (DSCC) Procurement/Supply activity for the Federal Government..

Design guidelines for manufacturing producibility must exist at each supplier. These guidelines
establish the limiting constraints imposed on parts selection in terms of package type (size, lead
pitch, etc.) and printed wiring board capability (surface mount vs. through hole).

Parts cost and availability are obviously considerations in parts selection. Parts should be
selected which are cost effective, yet meet the required performance, reliability, and
environmental constraints, and life cycle requirements and should be readily available from more
than one source, to meet fabrication schedules, and to ensure their future availability.

Once the supplier has determined that a part is within the company’s desired competitive and
cost range, the focus turns to specific part application factors. Correct application of parts
means “using the best part for the job in an optimum or cost effective manner”. The factors to be
considered in optimum parts application are both numerous and complex. (see Table 1. Critical
Application Factors)

74

MIL-HDBK-179A, Military Handbook Microcircuit Application Handbook (7/20/95)
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Operating Temperature Range- Parts should be selected which are rated for the operating
temperature range to which they will be subjected.

Electrical Characteristics- Parts should be selected to meet maximum applied electrical
stresses (singularly and in combination), current, voltage, EMI, ESD susceptibility, frequency,
waveform and signal requirements.

Stability- Parts should be selected to meet parameter stability requirements based on changes in
temperature, humidity, frequency, age, etc.

Tolerances- parts should be selected that will meet tolerance requirements, including tolerance
drift over the intended life.

Reliability- Parts should be selected with adequate inherent reliability and properly derated to
achieve the required equipment reliability. Dominant failure modes should be considered
when a part is used in a specific application.

Life- Parts should be selected that have “useful life” characteristics (both operating and

storage) equal to or greater than that intended for the life of the product in which they are
used.

Maintainability- Parts should be selected that consider mounting provisions, ease of removal
and replacement, and the tools and skill levels required for their troubleshooting /
removal/replacement/repair.

Environment- Parts should be selected that can operate successfully in the environment in
which they will be used (i.e. temperature, humidity, sand and dust, salt atmosphere, vibration,
shock, acceleration, altitude, attitude, fungus, radiation, contamination, corrosive materials,
electric and magnetic fields, etc.).

Table 1. Critical Application Factors

In summary, it can be seen that the required information must come from diverse technical
disciplines. This reinforces the initial claim that a successful parts selection process requires an
Integrated Product Team that works together in real time.

Part Manufacturer Evaluation

As a product’s design is developed to meet the system performance requirements, and the need
for specific parts is identified, the supplier conducts investigations to evaluate potential part
manufacturers and the attributes of the parts to be considered in the design. Two key parts
selection issues are:

» Part manufacturers should be chosen which have documented quality and reliability
development programs which re-qualify devices when process changes are instituted.
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*  Part manufacturers should be chosen which have a parts program that requires a continual
sampling of their product for qualification testing.

There are many ways in which sub-tier supplier’s management and technical capabilities and
process controls can be evaluated. See Section 6.0 - Supplier Selection.

3.6.5 Ongoing Supportability Issues

One of the most important aspects of a best practices parts and material management process is
the routine performance by the supplier of technology scans to identify emerging trends that
could positively or negatively affect product support and field logistics. This practice helps to
mitigate the risk of obsolete and out-of-production parts. Technology scans involve the
systematic review of emerging technologies in fields that affect a supplier’s product.
Government contractors do much of this as part of their Independent Research and Development
(IR&D) programs. Attendance at trade shows, subscriptions to newsletters, collaborations with
university research programs, and sponsorship of government-industry consortia are other ways
of keeping up to date on emerging technologies and the impact on existing and new products. See
Section 11.0 - Product Support and Logistics

3.6.5.1 Logistics

Many of the advantages of a preferred part database (par. 3.6.9) are also beneficial to the field
Logistics issues related to parts. The overall reduction of parts as a result of implementing a
preferred parts database translates to savings to the user in procuring, warehousing, transporting
parts and data management, which includes the preparation and maintenance of engineering
drawings and other required parts information.

3.6.5.2 Maintainability

The existing concern of losing the initial lower cost advantage of commercial devices through
increased life-cycle costs as a result of rework or repair of failed parts, can be alleviated by
adopting a parts program that focuses on maintaining a select list of preferred parts that is based
on the continuous and concurrent evaluation of current technologies for specific applications.

Suppliers need to be aware of the unique requirements often associated with the defense
customer’s maintenance of delivered product. Details of field maintenance requirements are
usually delineated in the customer’s performance specification.

Maintainability issues driven by design parts selection include as an example:

* Removal and replacement of components that have complex package geometry’s (fine pitch
leads) at minimally equipped or remote repair depots.

» Repair or re-test of designs that use coatings and encapsulants that are difficult or
impossible to remove or penetrate.
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» Selection of limited-life parts that have diminishing availability and no substitute or
alternate replacement part.

3.6.6 Parts Data Management & Utilization

Detailed information regarding parts and materials that suppliers have accumulated over a period
of time forms the historical baseline on which future part and sub-tier supplier selections can be
based. It is therefore important to establish a working, relational data resource of parts and sub-
tier suppliers that the supplier can make use of in a concurrent, real-time fashion. This can be
accomplished either through a computer automated system or manually accumulated library.
However, as the amount of data increases as well as the need for real-time access by many
individuals in the decision process, a computer-based system becomes a more desirable solution.

3.6.7 Parts Database elements

Figure 3. Elements of a Parts Database shows some of the key elements of a relational
component database and could be used as a working system for the supplier’s design parts and
sub-tier supplier selection process. From this system, each of the members of the concurrent
team could input or retrieve component and sub-tier supplier-related information.
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A typical database or library may include:

3.6.7.1 Part Basic Information

Y

2)

3)
4)

5)

Part numbers - generic or sub-tier supplier’s, National Stock Number. No substitute
available, alternate part available, MIL (military standard)

Military approved components:

JANTX (Joint Army Navy with various levels of product assurance),

MIL-STD (Military Standard),

MIL-PRF (Military Preferred),

QML (Qualified Manufacturing Line) _
Description, nomenclature, brief specification including (a) information source and date, (b)
part manufacturers and (c) internal selection or qualification processes.

Cost Price - ranges and Non-recurring costs offered by various sub-tier suppliers

Identification of sub-tier suppliers’ name, address, phone, identification number, and past
performance assessment (quality and on-time delivery). Sub-tier supplier approval should
be required prior to parts approval being issued.

Parts Approval status

3.6.7.2 Form, Fit, Function, Interface (F°I)

1)
2)
3)
4
3)
6)
7)
8
9

technology (function)

physical geometry

package type or interface specifications

specifications or data sheets

tolerances

operating ranges

thermal characteristics

special marking requirements

special packaging for shipment or storage requirements

3.6.7.3 Qualification and reliability

1)
2)
3)

qualification level: similarity, screening
source of qualification data: manufacturer, military, internal tests

reliability data: failure rates, predictions, PPM level, failure analysis data

3.6.7.4 Standardization

1)

2)
3)
4)

preferred parts - quality and reliability have been established in marketplace or determined
by internal qualification and past use.

commodity code (Federal Supply Code, parts category)
equivalent part availability
alternate part identified
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3.6.7.5 Special Characteristics™

1) requiring special attention during design or assembly

3.6.7.6 “Where used” (Reverse Bill-of-Material)

1) identify other assemblies using the component

3.6.7.7 Robust Design models and analysis tools:

1) Each model is created through a rigorous process which includes extensive checking and
validation of the model’s correctness.

2) schematic symbol models

3) functional simulation models

4) performance simulation models

5) 3D solid models for structural (static and dynamic)

6) 2D models for printed circuit board elements.

7) thermal analysis

3.6.8 Qualification Data

The parts data management system should provide access to detailed qualification and reliability
data supplied by the part manufacturers, together with applicable statistical analyses. It should
contain any inspection data (pass/fail criteria, failure resolution or corrective action and re-
qualification criteria) obtained from parts suppliers or internal testing and evaluations.

Device qualification data from part manufacturers can be used to verify system environmental
qualification requirements provided the data is documented, current, statistically significant, and
analyzed to indicate that the parts will function in the environment for the specified life of the
product. This data must be continually solicited from the part manufacturers for all the device
types utilized and analyzed for the above mentioned attributes. If the device data indicates
anomalous conditions, failure analyses conducted, and corrective actions taken by the part
manufacturer, then determinations should be made by the supplier for any additional actions that
need to be taken regarding this particular device or device type (i.e. date code restrictions,
temporary screens, etc.).

The supplier should undertake the following tasks regarding part qualification data prior to

utilizing a particular part:

1) Part manufacturers shall be contacted to obtain assurances and verification of correct data
interpretation.

2) Periodic monitoring of data and correlation to in-house and field experience after part is
included in the product.

3) Review of failure analyses and corrective actions included in the part manufacturer furnished
data.

75

Advanced Product Quality Planning and Control Plan (Automotive Industry AIAG) par. 2.8 pg. 16
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4) The part data should be specifically reviewed for indicators of data integrity (or lack
thereof), such as:

- Accuracy of calculations

- Test condition inconsistencies

- Missing samples with no explanation
- Inconclusive failure analyses

-~ Inconsistent acceleration factors

For cost effectiveness, the utilization of qualification data provided by a part manufacturer for a
specific device or device family is the preferred method of qualification. This data should be
recorded and retained by the supplier, and should contain the detail part data summary by
specific part number. Qualification data should be available at the supplier’s facility for internal
as well as customer review.

It is important that consideration be given to part-specific configuration issues, particularly that
all process change notifications applicable to device families shall be reviewed to assess changes
and potential re-qualification requirements.

3.6.9 Preferred Parts

In the course of a design effort, product designers should select parts and materials to meet
specified requirements for performance, reliability, quality, producibility and cost. This selection
task is greatly benefited if the designer has a list of preferred parts to help in the selection
process. Preferred parts are those whose quality and reliability are well-known to the industry,
and are, ideally, parts which the supplier has already designed into existing product and has an
established success record in the field. Without a preferred parts list, designers will select from
the available field of parts with varying degrees of quality and reliability.

Advantages for establishing a supplier preferred parts database are:

1) Minimizes the proliferation of parts and materials with identical functions and varying
degrees of quality and reliability.

2) Minimizes the need for additional engineering justification for new parts and materials.

3) Avoids the selection of obsolete (or soon-to-be obsolete) parts and minimizes the selection
of sole source and diminishing source parts.

4) Avoids the use of unproved technology as much as possible.

5) Avoids the selection of parts that are incompatible with existing manufacturing capabilities.
6) Avoids unnecessary inventory, resulting in cost increases.

7) Avoids unwarranted expansion of sub-tier supplier base and additional costs for surveys.

8) Logistics is improved due to the decrease in the number of part types that must be available
as spares.
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3.7 Typical Microcircuit Parts Selection Flow depicted in Figure 4

Block #1 Market Research establishes a listing of all suppliers who could potentially meet the
customer’s performance requirements.

Block #2 Customer performance requirements are submitted to potential suppliers to determine
their product capability.

+  Specific Design Issues may include: (a) Circuit Density, (b) Gate Count, (c) Electrical
current densities (d) Ram, (¢) Registers (f) Input/Output (I/O) and (g) Delay path
performance

Process Capabilities

Quality System

Control of process - SPC

Reliability Program that addresses technology testing

Failure Analysis Support

Test Capability

Packaging Capability

8. Business & Pricing issues (NRE)

N o ke

Block #3 Review the preliminary responses from the suppliers and determine which suppliers
will most likely be able to meet your performance requirements. If not, continue the market
research or consider a custom designed part.

Block #4 The data from the above inquiry for each of the 9 categories is compiled (Pareto chart)
into a final rating with specific weighting values based on immediate and projected needs for each
of the suppliers.

Block #5 Review the supplier’s capability and data available to determine their competence to
qualify the part to meet the performance and environmental requirements.

Block #6 If the device offered by the supplier is mature and has been offered for an extended
period to customers, the qualification data and the history of product returns including any
corrective active reports and failure analysis information should be obtained.

Block #7 Qualification by similarity may be possible when the device is the same as a family of
parts previously available and qualified.

Block #8 When the product is of a new technology or involves a major design change, the
supplier should submit a qualification plan and perform an evaluation to ascertain whether or not
these tests will assure that customer performance and integrity requirements will be met. This
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qualification plan should include both the product technology & specific application
qualifications. (See note 1)

Block #9 Failure Rate Projection is determined by: (a) calculating (see note 2) the failure units
(FIT) for HTOL, Temperature/Humidity and temperature cycle test and correlate results to using
reliability requirements, (b) extrapolate life test to actual field temperatures (see note 3), (c)
computing the voltage acceleration factors (see note 4), (d) computing the temperature cycling
failure rate (plastic devices) (see note 5), and (e) computing the moisture intrusion/corrosion
failure rate (plastic devices) (see note 6)

Block #10 Second supplier downselection is conducted.

Block #11 Supplier surveys are conducted as necessary to determine that the proper process
controls are in place to ensure delivery of acceptable product.

Block #12 The final supplier(s) downselection is conducted.

Block #13 On-going technical interface with the supplier is maintained. During the product life
cycle, it is necessary the determine the product reliability growth and failure analysis from
product that is removed from a board or from field returned units. Requalification of the product
may be necessary if changes are made to the die attach, die change, encapsulation material,
packaging, wirebonding, or processes.

NOTES:

1. CHARACTERIZATION DATA IS USUALLY AVAILABLE FROM THE PRODUCT ENGINEER OR CHIP DESIGNER
SHOWING PARAMETRIC CHANGES OVER A WIDE TEMPERATURE RANGE OF OPERATION.

2. FIT = FAILURE UNITS = 1 FAILURE IN 10 DEVICE-HOURS = 0001% / 1000 HOURS =.001 PPM
3. ARREHENTUS EQUATION = AF. iy p = ¢ {Ea/ le -Ea/ sz] , where k = Boltzman's constant

4 CROOKES EQUATION = AF.y1 /yp = B (V4 ¥ ], where 8= C/Toxide, and C = lectricfield constant

5. COFFIN-MANSON = AF. deltaT1, #cycles]/deltaT?, #cycles2 = (deltaT gt / deltaT usQ-l/ ° b= accel. exponent

6. PECK'S MODEL = A.F.T1, RH1/T2, RH2= € [Ea/KT] (RH)'B, where B = acceleration exponent
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Supplier

{Market Research)

!

2
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established

Suppliers Capabilities
determined

NO

_ Does Supplier
meet basic needs?

4
Market Research Results
Initial Downselect

5
Evaluation of
Supplier's Qualifications

Does Supplier
offer device ina

Mature Technology
?

New Technology
Major Design Change

Clipboard #6
8

Review Proposed
Qualification Plan

- will performance and
integrity be met?

Clipboard #6
7

Review Existing
Qualification Data
-failure analysis reports

9
Failure Rate
Projection
based on stress test data

10
Downselect
based on Qualification Test Data

11
Supplier Survey
- Process controls in place

|

12
Downselect
Final Supplier(s)
13

Technical Interface
maintained with Supplier

Figure 4. Microcircuit Parts Selection Flow
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4. Configuration Management

Objective: To ensure adherence to requirements and product repeatability.

This requirements document was developed with the cooperation of commercial industry and
military contractors, to establish the agreed upon “best practices” requirements for Configuration
Management (CM). Drawing and specification practices are jointly established between the
customer and supplier and are not addressed in this manual.

The requirements developed in this document are only applicable when specified in the contract,
statement of work or operational requirements matrix™. The supplier’s own processes or
systems must meet the intent of ISO 9002 and these requirements. The requirements for policies
and/or procedures are established:

Requirement Title Par.
1. 4.1 Configuration Management Procedures and Planning ..........ccceueu... 4.1
2. 4.2 Subcontractor Configuration Control........cceceeeeevenicenecninircenennne. 4.2
3. 4.3 Configuration Control Board .......c.cccceevieveecnncnninninmicniceniene, 4.3
4. 4.4 Interface Management........cccoceereeiineeniiesenneenrneenereeenessesenreneeenes 4.4
5. 4.7 Part Numbering Controls .......c.cccccevmernemreromenrinncencenieeseiicsesaesnees 4.7
- 6. Configuration Baseline Management ..........ccccooevieiiiiininncnnnineeneene. 4.9
7. 4.9 Configuration Change Management.........c.cccceevivnenniininnnnienecnnnne. 4.9
8. 4.9.1 Major Engineering Changes...........ccccoccevvrinniinininnnnenenienresrenenes 4.9
9. 4.10 Request for Variance (Waiver/Deviation) .........cccecevvevueeieinniecnens 4.10
10. 4.11 Configuration Status ACCOUNING.......cccveerrieierrerieerristiisieirieeeene 4.11
11. 4.12 Disaster Recovery Planning.......ccceoveeveevveecnernmnienneesncnneensceneens 4.12
12. 4.13 Product Serialization ........ccccccceeeeriereeneernienuencenenmnecisissesesensanes 4.12
13. 4.14 As-Built Configuration Report .........cccccceeneeervnincncniirnnnenn, 4.14
14. 4.15.1 Functional Configuration Audits ..........ccceveevevcmrecernecreccnacee 4.15.1
15. 4.15.2 Physical Configuration Audit .......cc.cccovvevncinencnnnnicncnnnnnnne. 4.15.2

4.1 Configuration Management Procedures and Planning

Definition: Configuration Management consists of procedures for controlling the release, change
and use of documents that define the current product baseline and for authorizing necessary
actions to be performed to implement changes (routine and emergency) that may affect product
during its entire life cycle. The procedures should provide for various necessary approvals,
specified points and times for implementing changes, removing obsolete drawings and
specifications from work areas, and verification that changes are made at appointed times and
places. Configuration management may be performed by multiple suppliers during the product

®  Organizational and Technical Interfaces BP Requirements Section 1
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life cycle.” Only officially released documents are authorized for procurement, manufacture, test
and inspection of the deliverable product.

Document release is the designation by the originating activity that a document, including
Engineering Change Notice (ECN) and work authorization, is complete, suitable for use, and
subject to configuration change management procedures. Document or computer software release
authorizes use of the document or software for any authorized acquisition or build.

RELEASE is performed by the Supplier;
APPROVAL is granted by the customer or document owner.

The supplier shall describe their internal Configuration Management™ procedures,
processes, and standards to control changes and provide a positive method of ensuring
current released documents are available in a timely manner, at appropriate locations,
during the product life cycle.

Positive methods for ensuring document approval, release and distribution to appropriate
locations (i.e. material planning, purchasing, manufacturing planning, shop floor or inspection)
necessitate a 4.3 Configuration Control Board (par. 4.3) or equivalent method for change control
(par. 4.9).

4.1.1. Configuration Management Plan

When the supplier’s existing configuration management systems and procedures do not
adequately address customer requirements, a Configuration Management Plan is developed in
sufficient detail by the supplier and provided to the customer. The plan should clearly describe
their intended approach for compliance and for compliance by sub-tier suppliers. This Plan may
be combined with the overall Program Control Plan.

At a minimum the Configuration Management Plan consists of the following:

 Organization structure” with defined CM roles and responsibilities

»  Written summary of applicable policies, procedures, national or industry standards
» Subcontractor configuration control. (par. 4.2)

» Interface management (par. 4.4)

* Configuration identification and baseline control processes (par. 4.5)

» Change controls, review and releasing of documentation (par. 4.9)

» Configuration status accounting (par. 4.11)

» Disaster recovery plan for data and drawings (par. 4.12)

*  CM reviews and audits (par. 4.15)

77
78

EIA STANDARD IS-649-95 National Consensus Standard for Configuration Management
ISO 10007:1995-04-15 Guideline for Configuration Management par. 5.3, 7.4, 7.7
ISO Q9001-1994 par. 4.5.1 Document and Data Control

> See Section 1.0 Organizational and Technical Interfaces
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This Configuration Management Plan typically requires customer approval prior to
implementation or for any changes affecting the intent of the plan.

4.2 Subcontractor Configuration Control

As the product being purchased becomes more expensive, more complex, or more critical to
system performance, the control over subcontractors should be increased to the point that a
major subcontract would have the same configuration management requirements as the primary
supplier. When tailoring of a subcontractor’s existing systems is required, a program control plan
should be prepared to explain the extent of their modification and the methods for monitoring the
sub-tier supplier’s controls.

The supplier shall establish formal Subcontractor Configuration Control® procedures to
establish the extent of their control over subcontractors as appropriate to the product
being acquired.

CAUTION: The practice of a higher level customer flow down of requirements is NOT a
commercial practice and may preclude contracting with a comm?7ercial supplier.

If requirements for sub-tier supplier configuration management is mutually agreed upon, the
extent of the flowdown should be clearly defined in the contract or statement of objectives and in
the supplier’s program control plan.

4.3 Configuration Control Board

A Configuration Control Board (CCB) has the authority to review and approve/disapprove the
CM plan, CM procedures, the selection of configuration items and configuration baselines and
changes to those baselines including product variances approved or changes submitted by the
customer.

The supplier shall establish a formal Configuration/Change Control Board® (CCB) or
equivalent process for the management, review and approval of all changes, internally or
externally generated, affecting a baseline, i.e. drawings, specifications, and variances.

It is recommended that a Configuration Control Board be made up of all required technical (design
engineer, manufacturing engineering, production control, manufacturing, quality engineer, test
engineer) and administrative (program management, purchasing/planner, configuration
management) personnel.

¢ EIA 649-95 par. 5.1.6 Supplier Configuration Management “... when there is a rational need ...as appropriate

to the product being acquired.”

ISO Q9001-1994 par. 4.6.2 b) “... control exercised ... over subcontractors.”
¥ ISO 10007:1995-04-15 par. 3.4, 7.3 Configuration Board

ISO 9001: par. 4.5.3 Document and Data Changes
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4.4 Interface Management

Definition: Interface management is the system engineering (or design) process of identifying,
recording, and controlling the functional, physical, and performance requirements at common
boundaries between two or more interacting pieces of equipment, facilities, and computer
software products as defined in the specifications and drawings.

The supplier shall provide for effective management of product interfaces.”

Customer identification of critical interface management criteria is usually accomplished by
designation as a special or key characteristic on drawings. The designation of a key characteristic
requires the manufacturer to control specified interfaces by the use of Statistical Process Control
(SPC) or inspection techniques and data recording per the program control plans. (See Section
10.0 - Process Controls and Appendix B. - Key Characteristics.)

4.5 Selection of Configuration Items

Definition: Configuration identification is the product definition process of documenting the
design in the form of drawings, specifications, planning bills, bills of material, product structures,
and procedures, naming the items depicted through use of drawing titles and part numbers, and
individualizing the parts through identification of serial numbers, lot numbers and/or date codes.
Configuration identification of customer designs is not applicable for contract manufacturing
requirements.

Definition: A configuration item (or model numbers with designated options) is an aggregation of
hardware and software which satisfies an end use function, or any of its discrete portions (sub-
assemblies), that is treated as a single entity in the configuration management process. The
design agent normally selects configured item designations® for items controlled by their
configuration management process.

The following listing may be used as guidance to determine if a product sub-assembly should be
designated as a configured item®. One or more of these characteristics may be sufficient to
designate a product or sub-assembly as a configured item.

* Functional requirements

» Physical characteristics

*  Crucial for successful functionality

* State-of-the-art technology or new design is used in product
* Interface requirements

2 1SO 10007:1995-04-15 par. 7.2.1, 7.4.2 ... evaluation of changes ...

83 1SO 10007:1995-04-15 par. 7.2.1 Selection of Configuration Items
84 IS0 10007:1995-04-15 par. 5.2 & 7.2.1
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» Make/Buy decisions (procured items/assemblies from different suppliers)
+ Logistics and maintenance requirements (spares).
» Scheduling/Phasing (timely manufacturing integration)

4.6 Document Numbering Controls

A single functional organization should assign and control unique identifying numbers® to
documents. This discrete identifying number may be determined either by the customer for
contract manufacturing requirements or by the design agent for proprietary items provided.
Figure 4-1. Part Number Re-identification Tree® illustrates some of the questions that should be
answered to determine when a part number should be changed.

After change is made, do superceded items remain

YES fully interchangeable in all applications?

Can superseded items be reworked and will they be
fully interchangeable with the superseding item?

Can all superseded items be found?

Are repair and test procedures and
manuals the same?

Is Traceability to specific end-item
achievable without re-identifying?

ADVANCE REVISION ASSIGN NEW PART

No further re-identification Go to parent item and repeat this process.
is required. : Continue until the existing number is
retained (Interchangeabity is restored) or
the end-item is re-identified.

Institute of Configuration Mangement 7/95

Figure 4-1. Part Number Re-identification Tree

¥ 1SO 10007:1995-04-15 par. 5.2.3 & 7.2.3
% Institute of Configuration Management, 7/95 PO Box 5656, Scottsdale, AZ 85261-5656
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4.7 Part Numbering Controls

The Part Identification Number® shall be changed whenever a non-interchangeable
functional or physical condition is created or when new or revised testing, maintenance,
repair, training, operating procedures or manuals, equipment or software is required.

4.8 Configuration Baseline Management

Figure 4-2. Configuration Management Model below illustrates a typical configuration
management overview process that is timephased during a product life cycle. The dark symbols
indicate CM activities or reports that may be required by the customer. The light shaded areas
indicate activities that may involve the customer, specifically with cross-functional teams and
with respect to the customer reviews that may be conducted. Configuration baselines are
established respectively during product definition, development and production phases of the
contract and become major milestones for life-cycle phasing. Configuration baselines define
formal departure points for control of future change activity.

The supplier shall establish by mutual agreement with the customer, Configuration
Baselines (B/L)*according to the program phase: Requirements B/L, Design Release B/L,
Production B/L.

4.8.1 Requirements Baseline

Definition: The Requirements Baseline® specifies the system functional, interoperability,
interface, and verification requirements. This may be established by the customer during initial
concept or requirements definition phase.

Note: Additional program, design and assembly requirements may be called out in other
contractual documentation such as the Contract, Purchase order, program plans, statement of
work, milestone and delivery schedules, packing and shipping instructions, traceability
requirements, Contractor/Supplier Data Requirements List (C/SDRL), testing and/or validation
requirements, State or National regulatory requirements and any other requirements imposed by
or developed with the customer during the Quality Functional Deployment (QFD) process or the
supplier’s self-imposed design rules

¥ ISO 10007:1995-04-15 par. 5.2.3 & 7.2.3

EIA 1S-649-95 par. 5.2.3.d Product Identification

ISO 10007:1995-04-15 par. 3.3, 5.2.4, 7.2.4, Annex C
EIA IS-649-95 par. 5.2.5 Baselines

EIA I1S-649-95 Pg.20

88

89
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Requirements Design Product #10 Conhg
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(Released)

Figure 4-2. Configuration Management Model

4.8.2 Design Release Baseline

Definition: The Design Release Baseline (DRBL) is the initially approved documentation and
software describing the requirements Baseline functional, interface and verification requirements.
The DRBL configuration is controlled by the supplier with specified customer review points
established as a part of the program phasing requirement and is used for configuration audits.

The results of the final design review (Critical Design Review) are incorporated into the
specifications and drawings that define the Design Released Baseline. The “approval” of the
DRBL constitutes the production release configuration documentation.”

4.8.3 Production Baseline

Definition: The Production Baseline’ (PBL) includes a full set of released “build-to” product
documentation that specifies the technical description, physical and functional characteristics,
and required acceptance requirements as specified in the Design Released Baseline. The

90

ISO 9004 par. 8.6 Design baseline and production release
°' ISO 10007 Annex C
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Production Baseline is established after completion of Production Validation (PV) and becomes
the document initiating commitments for tooling and materials, etc.

4.9 Configuration Change Management

All changes or variances to officially released documentation (design documents,
specifications, procedures, drawings) shall require review and approval, prior to making
document changes,” by the original approving functions or document owner, and
authorization by a formal engineering change document.

Document examples include, but are not limited to: Engineering Order (EO), Engineering Change
Notice (ECN), Document Change Notice (DCN), Engineering Change Order (ECO), Show
Variance (SHOVAR).

Engineering change documents should contain the following.

» Unique document identifier

« Name and organization of requester

» Description of change or variance

» Class of change (major or minor)

* Reason for change

» Cost implications of change or variance

+ Listing of documents to be revised or components affected

» Urgency or desired effectivity (or cut-in point)

» Evaluation and approval of change by CCB and customer if applicable.
« Corrective action to prevent recurrence (variances only)

4.9.1 Major Engineering Changes

Definition: A major (Class 1) change constitutes a formal change to the current baselined
configuration documentation which has significant impact on the key characteristics (form, fit,
function, interface) of the product, and requires coordination, review, and approval.

The following major engineering change examples that may be applicable:

~« Interface characteristics

 Interchangeability, substitutability or replaceability
» Compatibility with other equipment or software

» Performance

« Reliability, maintainability or survivability

92

ISO Q9001-1994 par. 4.5.3 Document and Data Changes
ISO 10007:1995-04-15 par. 7.4
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» Electromagnetic characteristics

*  Weight, balance or moment of inertia

+ Sources for configured items defined by source-control drawings
» Safety

» Customer furnished equipment

* Operation and maintenance manuals

» Preset adjustments affecting operations

 Skills, manning, training or other human-engineering requirements

All Major (Class I) changes, including those proposed by supplier/subcontractors, shall
require formal communication with the customer or drawing owner using the supplier’s
own form and written approval by a designated approval authority”.

The degree of change formality may vary during the development phase and prior to Critical
Design Review, depending on the customer’s involvement during this phase. For proprietary
designs, impact on form, fit, function, performarce, and/or durability should be determined with
the customer so that all effects on the product can be properly evaluated. Full or limited re-
qualification testing may be required to ensure the product performance, form, fit, function,
durability, and reliability requirements are still met under the new configuration. Nofe: The
Government customer may require a DD Form 1692 for Engineering Change Proposals for Class
I changes.

4.9.2 Minor Engineering Changes

Definition: Minor (Class 2) changes are applicable during the production phase and are normally
identified and processed to correct documentation errors or to enhance contractor producibility
without changing the customer-approved configuration. Minor changes affect only the design
release and product configuration baseline. A minor change does not affect interchangeability and
does not affect customer requirements.

Minor engineering change examples include substitution of parts which do not impact function,
logistic or reliability and documentation changes (record changes, correct errors or add notes).

93

EIA 1S-649-95 Pg. 26, 5.3 (b) Change Management; 5.3.1.2 (a) Major
ISO 10007:1995-04-15 par. 7.4
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4.10 Request for Variance (Waiver/Deviation)

Definition: A variance is a temporary departure from the baseline requirements and does not
anticipate a revision of the applicable requirement document or configuration documentation.

When a known departure from requirements is incorporated, the supplier shall document
a Request for Variance and obtain appropriate authorization.”

4.11 Configuration Status Accounting

A Configuration Status Accounting (CSA) report contains all customer released drawing
revision/change status at time of build/assembly.

The supplier shall maintain a Configuration Status Record™ with contents mutually
defined as indicated in the contract and Program Control Plan.

A typical Configuration Status Record includes the following at a minimum:

» Configuration baseline documents

+ List of configuration items and identification numbers

« Current approved revision status of documents

 Status of proposed engineering changes

 Status of variances (waivers and deviations)

» Effectivity date or date of implementation in production

» Releasing authority

+ Results of configuration audits (As-Built vs. As-Designed)

« Configuration of units in operational inventory (post-delivery), when required by contract
or statement of work

 Other customer-specified data elements

4.12 Disaster Recovery Planning

The recovery plan for electronic data requires frequent and regular backups for production critical
data files and storage in a separate location.

*  1SO 10007:1995-04-15 par. 7.3, 7.5.2
EIA 1S-649-95 Pg. 34, par. 5.3.4

% ISO 10007:1995-04-15 par. 7.5.3 CSA Reporting
EIA 1S-649-95 Pg. 34, par. 5.4

76



The supplier shall have an effective Disaster Recovery Plan® and process in place to
enable reproduction of both historical and current documents and data including
supplier-generated documents and data for the product design, production & test in the
event of potential destruction by fire, flood, theft or other forms of loss.

4.13 Product Serialization

A serial/lot number and/or supplier identification number shall be assigned to each
Model number or Configuration Item (CI) unit for the purposes of control, traceability”
and customer acceptance.

4.14 As-Built Configuration Report

The As-Built Configuration report (ABCR) indicates the number of units that are produced to a
specified configuration and/or the applicable serial number range. This listing is taken from
production documentation (shop orders or computer-integrated-manufacturing systems,
drawings, revisions, components and materials) that were used for each assembly or lot.

The supplier shall provide an As-Built Configuration Report®with contents as defined in
the contract and Program Control Plan, to verify that all Major (Class I) changes were
incorporated into the product and to indicate approved variances.

Typical ABCR report headings include the following.

+ Part number: an indentured listing of assembly, subassembly, part number (including
substitute and alternate part numbers)

» Part description

» Latest released revision or change

» Reference designator location where part is installed

* Quantity produced in lot or batch.

+ Traceability information: component/material supplier name or number, lot/date Code or
serial number

4.15 Configuration Reviews and Audit/Verifications

Configuration reviews, Functional Configuration Audits (FCA) and Physical Configuration
Audit/Verifications (PCA) should be documented in the Configuration Management Plan”. Early
involvement of the customer, or their representative, and sub-tier suppliers in the cross-
functional development team is key to successful product development, improvements in the
time-to-market and assurance that transition to production will be as smooth as possible. The
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ISO 10007:1995-04-15 par. 5.3 Configuration Control - disaster recovery

ISO 9001 Quality Systems Model par. 4.8 Product ldentification and Traceability
EIA 1S-649-95 par. 5.2.3.1 identifying individual units

ISO 10007:1995-04-15 par. 7.6 Configuration audit procedure “as built/produced”
EIA 1S-649-95 Pg. 38, par. 5.5 Figure 12

MIL-STD-973 App. H Task 501 pg. 199

Section 1.0 Organizational and Technical Interfaces, par. 1.4
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cross-functional teams should include representatives with authority to accept the progress
during these reviews. Periodic cross-functional team technical interchange meetings (TIM)
should be held to review design or development progress.

There are two distinct opportunities for configuration reviews

» The supplier has responsibility for product design, the customer may conduct a Functional
Configuration Audit (par. 4.15.1) at Design Verification to ensure the design will meet their
requirements. (See Section 2.9 Design Reviews)

« The supplier has no design responsibility but is responsible for product assembly or
manufacturing in compliance with a Build-To-Print (BTP) technical data package provided
by the customer. The customer may conduct a Physical Configuration Audit (par. 4.15.2)
at Production Validation or Production Readiness Review to ensure that the first piece from
production will meet the design documentation.

When the design facility and production facility are the same organization, it is preferable the
FCA and PCA reviews be conducted separately at the Critical Design Review (CDR) and at the
Production Readiness Review (PRR) review respectively. However, it is possible for the FCA
and PCA to be conducted simultaneously at the PRR. When FCA is delayed to PRR, there is a
risk assumed by both supplier and customer that the product may not meet requirements and the
customer’s system schedules can be adversely affected by production slippage.

Generally configuration reviews and verifications consist of two types.
4.15.1 Functional Configuration Audits

Definition: Functional Configuration Audits include a documented examination of preproduction
development units where tests and/or analysis of data verify that the design has achieved the
functional, physical, and performance requirements specified in the Design Released Baseline
documentation and is capable of being produced. The product baseline is thereby established
upon FCA acceptance by the customer.

At the completion of product development, the design agent shall conduct a formal design
verification Functional Configuration Audit'”, verifying the customer requirements
against the Design Released Baseline. A design Certificate of Compliance shall be
submitted by the design agent, which affirms that the design meets customer's Form, Fit,
Function & Interface requirements.

FCA is the most critical of the two configuration reviews and is accomplished during multi-
functional team design review meetings. These reviews require extensive support from the
product design team and the configuration management functional organization and should include
customer involvement when appropriate. At the completion of the design activity, the design

1% 1SO 10007:1995-04-15 par. 7.6 Configuration Audit Procedures
ISO 9004 par. 8.5.3 Design Verification
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activity product manager (or cross-functional team lead) has primary responsibility for
Functional Configuration Audits.

A process to trace design attributes to customer requirements should be developed and
maintained during these reviews and subsequently provided to the customer for facilitation of
their final design review. This may include a relational database or a manual listing of customer
requirements to design attributes. Critical processes affecting key characteristics (product or
process) should be identified and provided to the customer.

At the conclusion of each phase of design development, a formal, documented, systematic and
critical review of design results should be conducted to verify that the product design meets
customer form, fit, function and interface requirements. The cross-functional examination
includes adequate documentation of test and/or analysis data from engineering tests and analysis
of similar product, simulations or models are used to demonstrate that manufacturing processes
are in control and will produce an acceptable product. All activities, design audits, experiments
and test results, parts selections, action items, and close-out or corrective actions shall be
adequately documented and maintained as agreed. (See Section 2.9 and 5.8)

4.15.2 Physical Configuration Audit

Definition: A Physical Configuration Audit’® (PCA) is a review of the as-built configuration
conducted prior to production to ensure the product conforms to its released product baseline
configuration documentation.

Definition: Production Validation is the supplier’s engineering tests that validate that products
made from production tools and processes meet customer requirements and the supplier
engineering and manufacturing standards.

The supplier’s cross-functional team shall conduct a physical product examination'” of
the first production unit’s “as built” configuration against its technical documentation
prior to production of contract quantities. The extent of customer involvement is
documented in the Program Control Plan.

A product certificate of conformance is required with first article inspections, production
readiness reviews, or initial production validations, as applicable.

Physical Configuration Audit (PCA) is accomplished immediately prior to production. Pre-
production units or “first articles” are examined against the released design documentation to
ensure that the processes and tools used in production will provide an acceptable product. This
review may consist of a complete “tear-down” or “layout’®” inspection of pre-production
validation units with a physical comparison to each drawing and comparison of the test results

ISO 10007:1995-04-15 par. 7.6

12 1SO 10007:1995-04-15 par. 7.6

"% QS-9000 par. 4.10.4, pg. 34, Final Inspection and Testing. “A layout inspection and a functional verification
(to applicable customer engineering material and performance standards) is required for all product at a
frequency established by the customer. Results shall be available for customer review upon request.”
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with the requirements or it may simply consist of a certification that the product was built and
tested according to the documentation provided. A tear-down inspection is usually
inappropriate for expensive product. This examination may be witnessed by the customer when
specified in the contract.

The design Functional Configuration audit must have been previously completed or is being
completed concurrently with the PCA. PCA is not required on subsequent shipments unless
there is a configuration or process change that affects the product form, fit, function and
interface.

PCA Submission Requirements

Table 4-1. PCA Submission Level is provided for reference only to assist in determining the
basis for appropriate sample and data submission level.™

Supplier’s quality status (i.e. ISO-9000, Strategic relationship)

Experience with prior products from this supplier
Past quality and delivery performance

Product complexity

Part criticality to overall system performance
Supplier expertise with the product or commodity

"PRODUCT

PCA

PCA LEVEL C-of-C Submit Samples & Data to
Type of Product Warrant | SAMPLES | SUPPORTING customer OR
Reg'd Req’d DATA Req’d Witness by customer
1) Commodity product or Yes No ] None- Submit C-of-C only for ALL
Service (Data Retained by| Shipment
I Low complexity ] Supplier)
2) Manufacturing Service Yes No Limited Submit Samples & Data
Medium complexity Dimensional & to customer
] Test data
3) Manufacturing Se_rvice Yes No Complete data WITNESS at PRR or PV
High complexity Or customer is included in
cross-functional team
| review.
4) Design & Build Yes Yes Limited data - Submit Samples & Data
As agreed to customer
5) Design & Build Yes Yes Complete data [ Review Samples & Data at
(Automotive default) ] supplier’s location
6) Design & Build Yes No Complete data WITNESS at CDR & PRR or
High cost product PV. Or customer is
included in cross-
functional team.

Table 4-1. PCA Submission Level
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Note: Level 5: In the automotive industry product samples and complete supporting data are
reviewed by the customer at the supplier’s manufacturing location for approval prior to
beginning production. Production part approval is granted for a part number, engineering change
level, manufacturing location, material subcontractor(s) and production process environment.
Change to any of these requires customer notification and possible re-submission of product and
data.'”

Production Validation or First Article Review

References: Section 2.0 par. 2.9.5 through 2.9.7, Quality System par. 5.6.2 through 5.6.1.5, and
Appendix B- Key Characteristics.

PCA is a Production/Assembly Product Manager’s'* primary responsibility. These periodic
reviews will require extensive support from the product team or cross-functional team
configuration management, manufacturing and quality assurance functional organizations.
Reviews should include a customer witnesses who has the authority to accept the production
readiness progress.

The production team should provide the following items for the Production Validation or First
Article Review.

* Documentation of critical manufacturing product or process operations affecting key
characteristics.

* All summary of production activities, experiments and test results, parts replacements,
process performance results and corrective actions that occurred during development.

* Comparison and analysis of the As-Built Configuration Report (par. 4.14) with the
Configuration Status Accounting report (par. 4.11), detailing all variances noted with
determination of root cause and corrective action taken to ensure the latest released
engineering revisions are incorporated into the product and that no unapproved substitute
or alternate parts have been used.

» Inspection and test results and supplier’s workmanship for initial production validation
(PV) samples should be physically compared to released production documentation.
During the determination of the supporting data to be provided, remember that the more
reports or information provided to the customer the less customer involvement will be
required. This supporting data should indicate that processes, controls, and products are
functioning properly

Manufacturing Process Control Reports

Key Characteristics Control (See Section 10.4, 10.8 and Appendix B)
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QS-9000 Production Part Approval Process pg. 52

NOTE Automotive: Production Part Approval Process (PPAP) is a Quality Engineering function in many
automotive companies, not a Configuration Management function. The quality engineer and product manager
are responsible for collection of supporting data and submission to the customer (as required).
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Key Characteristic reports, in the supplier’s format, will be prepared to show compliance with
key characteristics contained in customer drawings. For processes affecting a key characteristic,
this compliance data may be in the form of SPC records. If no key characteristics are defined, no
report is necessary.

Process Performance Results (SPC) (See Section 10.4)

Key processes should be under statistical process control. A summary report, in the supplier’s
format, depicting SPC results for the period of time that this product was produced, will be
provided with physical configuration audit supporting data. This summary report will include an
analysis of all points where the process exceeds the Upper or Lower Control Limits and an
explanation of the cause and corrective action taken and possible product impact. If no control
anomalies were recorded, it will be so stated in the certification of conformance.

4.16 Certification Form

Certification forms may be required for a variety of reasons and depending on customer
requirements, this information may be summarized for presentation to the customer, retained by
the supplier for a specified period, or provided to the customer with the product. The Certificate
of Compliance may be in the supplier’s format when the contents meet the intent of the
suggested format in the attachment. The form shown at 0 is offered as a possible combination for
these two purposes. Two certifications required in configuration management are explained in
par. 4.15.1 and 4.15.2.

4.16.1 Certification of Compliance

A Certification of Compliance by the design agent affirms that the design meets customer's form,
fit, function and Interface requirements. The Certificate of Compliance is signed by the design
cross-functional team representatives or product manager and, ideally, by the team’s customer
representative thus eliminating the need for further configuration review. Supporting tests or
analyses conducted are specified. Customer acceptance of design documentation constitutes
production release documentation.

4.16.2 Certificate of Conformance

A Certificate of Conformance is required with first article inspections, production readiness
reviews, or initial production validations. The Certificate-of-Conformance certifies that the
product is built according to design documentation and specifies supporting tests or analyses that
were conducted. The form is signed by the design cross-functional team representatives, product
manager, quality manager and ideally by the team’s customer representative thus eliminating the
need for further physical configuration review. A Certificate of Conformance is the only
documentation required for each subsequent shipment unless there is a configuration or process
change that affects the product form, fit, function, or interface.
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4.17 References

The following first tier non-government standards were reviewed during the development of these
configuration control requirements.

*

Electronic Industries Association Engineering Department

EIA Interim Standard 649-95: National Consensus Standard for Configuration
Management, Draft dated 4/21/95 was used for this document.

International Standards Organization ISO-10007 Quality Management - Guidelines for
Configuration Management, Dated 4-15-95

American National Standards/ American Society for Quality Control Standards
ANSI/ASQC 9001-1994 Quality Systems-Model for Quality Assurance in Design,
Development, Production, Installation, and Servicing. (“ISO” used for brevity.)
Institute of Configuration Management, Scottsdale, AZ 85261-5656

Tel: (602) 998-8600
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Table 4-2. Requirements Analysis Matrix is provided as a cross-reference to the various national
and military standards which influenced these Business Practice Requirements.

NOTE: MIL-STD-480, 483 & 1456 have been replaced by MIL-STD-973 (7/17/92).

Requirement ISO 10007 EIA 649 ISO 9001 MIL-STD.
Draft 4/95 _

Config. Mgmt Procedures 7.4 5.1 4.4.1 | 973, 483
CM Plan 7.7 51.2 42,451 973, 483
Disaster Recovery Plan 5.3 - - 1456
Subcontractor CMP - 5.1.6 - | 973, 483
Config Control Board 34,73 5.3.2.1 449 973
Interface Control 5.2.1 - - 073
Select. Config. Item 7.2.1 5.2 - | 480, 483
Document Numbering 523,723 524 - | 973
Part Numbering E 5.2.3 - 973
Serialization e 5231 4.8 -
Program Phasing (733, 724 525 - | 973, 483

Requirement B/L E 5.2.5.2a - 1=

Design Release B/L - 525.2b iSO 9004, 8.6 | 480, 483

Production B/L [ “Annex C 5.2.5.2¢ - 17073, 483
Major Changes 7.4 | 5.3.1.2a 449, 453 | 973 483
Minor Changes - [75.3.1.2b - 973, 483
Waivers/Deviations 73,752 | 534 - | 973, 483
Config. Status Acct. 7.5 (all) [ 5.4 452 973, 483
As Built Reporting 1776 [ 5.4.1 - 973, 483
Functional Config Audit 178 (552 - 973, 483
Physical Config Audit 7.6 5.5.2 - 973

Table 4-2. Requirements Analysis Matrix

Table 4-3. Production Part Approval contains a comparison of the requirements for approval of
production parts for a typical military program where the customer owns the design, an
automotive product where the supplier owns the design, and a dual-use Build-to-Print (BTP)
program. The column BTP is recommended for use with commercial item subcontracts.
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Line ]| CONFIGURATION AUDIT BTP REQ. ' Typical DEFENSE AUTOMOTIVE
REQUIREMENT .
DESIGN RESPONSIBILITY ONLY
1) WHEN is DESIGN review I @ CDR Design Reviews @ CDR Design Eng. approval
conducted?
Functional Configuration Audit
2) Requirements Traceability Matrix YES NA
Customer “shalls” compared to
Design Specs
3) TEST RESULTS - Material, FMEA, |} DOE YES
performance, durability.
4) Certificate of Compliance I YES YES
Typical PRODUCTION Requirement (No Design activity
5) WHEN is PRODUCTION review? @ PV Prior to Production Production Validation
Physical Configuration Verification || Level 3 After Qualification test & | prior to 1st shipment
PCA Submission Level (pg. 80) Acceptance Testing Req’d each Model Yr.
6_)'— 'DOCUMENTATION (See Below) --- Full Design Disclosure ALL design records
:7)_ .a) Part Drawings (Released) YES - Level 3 Dwgs YES
8)_— 'b) Specifications (Released) YES | YES
9 || 9 Detail Drawings (Released) YES YES
10) ][ @)_Configuration Status Account_|| YES YES | NA
11) Ile) CADICAM math data NA | YES
12) || Action items and Closure YES | NA
35— :g) As-Built Configuration Report YES ["NA NA
15— 1 h) Acceptance Test Procedure YES NA
3; i) Engineering Changes ABCR Included above YES
?W SAMPLES - Submitted to customer J| NO 'Completed assembly & [ Typical: 2 per 300 pcs.
| with supporting data individual piece parts lot submitted
17) PCA SUPPORTING DATA: ---
1?)— jy Dimension Verification YES [ Dimensional results
referenced to Dwgs
13)_ k) Inspection & Test Aides ["NA _- Checking fixtures
-23)_ l) Key Characteristic Control [ YES [ "NA _:YES
ZE m) Acceptance Test Report ] _ ICT/Final F YES INA
22) n) Process Flow Charts NA | YES
b3) ||o) Process FMEA ] | [ YEs
-ZT p) Process performance result 1 YES | "NA YES
supporting data
.25) Certificate of Conformance N YES T Certificate of Compliance 1 Warrant document signed
to Design Drawings If,/ilgned by QA/Product by QA Mgr.
gr.
26) || REVIEWBY CUSTOMER ['NO YES T Level 5 & 6 ONLY
| ] 1 (pg. 80)
Table 4-3. Production Part Approval Processes
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4.18 Certification Form
Part Number: Part Name:

Released Engineering Drawing Change Level: Dated:

Customer:
Contract/Purchase Order No./Statement of Objectives: Dated/CN:
Supplier Name:
Address:
City: ST. ZIP:

Check all applicable areas - Attached [A] Retained [R] Not Required [NR]

Q DESIGN CERTIFICATE of COMPLIANCE

Q Initial Design (Functional Config. Audit) Q Engineering Changes
O Test data or analysis results QO Pre-production samples
Q Tests and analyses which demonstrate compliance with requirements are:

[A] [R] [NR] Design reviews have been conducted (I with customer participation.
[A] [R] [NR] Requirements Traceability Matrix or Table

[A] [R] [NR] Design of Experiments

[A] [R] [NR] Key Characteristics verification

[A] [R] [NR] Analysis by Simulation

[A] [R] [NR] Comparison w/ existing design

[A] [R] [NR] Performance or Durability Tests

[A] [R] [NR] Calculations

[A] [R] [NR] Production feasibility and compatibility studies

[A] [R] [NR] Performance Qualification test under operating conditions.

O MANUFACTURING/ASSEMBLY CERTIFICATE of CONFORMANCE

Q Initial build ONLY - Production Readiness Reviews:

(Production Validation, First Article Inspection, Physical Configuration Audit/Verification).
Reports or test results which demonstrate conformance to design are:

[A] [R] [NR] Production Readiness Review completed 1 with customer participation.
[A] [R] [NR] As-Built-Configuration

[A] [R] [NR] Key Characteristic control

[A] [R] [NR] Process performance (SPC) data

[A] [R] [NR] Internal Inspection results: QO first-article O in-process O final inspection
[A] [R] [NR] Acceptance Test data

[A] [R] [NR] Final acceptance (O data O report

Q Changes to customer pre-approved:

Q Materials Q Sub-tier Supplier QO Mfg./Assy Location O Mfg./Assy Process

Q All shipments: Number of parts Serial No./Lot #: to

Q Product variances/deviations are noted on attached documents.

Q Product is submitted in full compliance with customer requirements.

QI affirm that this released design is in compliance with customer Form, Fit, Function and
Interface requirements as stated in above contract, Statement of Objectives and statutory &
regulatory requirements.

Q I affirm that product represented by this certification has been made to customer drawings and
specifications and program control plan, as applicable.

Date:

Resgonsible Manager or desiggee

Q SEE ADDITIONAL INFORMATION ON REVERSE SIDE
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5. Quality Systems
Objective: To provide for continuous improvement and variability reduction.

This requirements document was developed with the cooperation of commercial industry,
defense customers and contractors to establish agreed upon requirements for Quality System
practices. These Quality System requirements are based on ISO Q9001 and ISO Q9004-1-1994
and best competitive practices. These requirements do not intend to specify a national standard,
but allow the supplier to select any national standard or develop his own methods, as long as
they “meet the intent” of all customer and the Business Practices Manual Requirements.

Definition: A Quality System consists of established, documented and maintained, facility-wide
procedures and processes that emphasize product conformance to requirements, defect
prevention and variability reduction in an atmosphere of continuous evaluation and improvement
during a product life cycle to achieve the highest levels of customer satisfaction.

The requirements developed in this document are only applicable when specified in the contract,
statement of work or operational requirements matrix. The supplier’s own systems or processes
must meet the intent of ISO 9001 or ISO 9002 and these requirements. The requirements for
policies and/or procedures are shown below.

Requirement Title Par.
1. 5.4 Quality System Documentation..........c.ccecevveeeveeereereeeesreeeseeseeneees 54
2. 5.5.2 Initial Lot Validation ........cccccevveerievimienenreenicerecseeree e ceneenenne 552
3. 5.5.3 In-process INSPECIONS .......cceeverereriernieiereenreerresaeseesseeeneenenas 5.53
4. 5.5.4 Final INSPECtioN.....ccoiveiiierieiirieerienrisiercresreeseessesseeseeseeereeesnees 554
5. 5.5.5 Customer Witness of Final Acceptance ..........cocevevveereecreecnecens 5.5.5
6. 5.6 Nonconforming Product Determination Authority.........cccccereneeeee. 5.6
7. 5.7.1 Record RetENtiON. .......covereeeererreeteiieierteseereseneseseeneosereeereneseesees 5.7.1
8. 5.8 Continuous IMprovement..........ccocceevervienrirnerreieniecnniesenieseeesnecseenas 5.8
9. 5.9 Cost-0f-QUalItY ...ccortiiiriirieietetterteee et 5.9

5.1 Risks Influence Government Requirements

The application of additional product performance requirements and supplier controls to a
contract, is associated with the level of the Government’s risk assumed. The more risk assumed
by the government, the more control requirements and oversight are required of the supplier.
These risks include (but are not limited to) complexity of the product, past performance of
suppliers and maturity of the product.
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The most effective risk mitigation approach is a firm-fixed price Commercial Item acquisition.
Commercial items should not require additional quality system requirements, testing, or supplier
certifications,'”” unless the existing product data or past performance information is insufficient.
However, the government reserves the right to require proof of conformance to the supplier’s
specifications.

5.2 Basic Quality System Model

This basic quality system model is equivalent to or meets the intent of the requirements
contained in ISO Q9001-1994 or ISO Q9002-1994. These elements represent the minimum
management infrastructure processes required for non-complex products.The International
Organization for Standardization: ISO Q9001-1994 Quality Systems-Model for Quality
Assurance in Design, Development, Production, Installation, and Servicing contains 20 elements
including requirements for a Company Policy, Quality Manual and 18 documented procedures
and 16 reporting requirements. This standard is used for suppliers with design and development
responsibility and is used as the basis for various sections of the Business Practices Manual
requirements.

ISO Q9002-1994 Quality System Model for Quality Assurance in Production, Installation, and
Servicing is used for the “build-to-print” contract with no design or development activity. Q9002
requirements are the same as Q9001, except for Section 4 Design Controls.

The supplier of low value, non-complex product or commercial-off-the-shelf (COTS), or other
commercial items or nondevelopmental products may not be required to demonstrate an
“approved” quality system. Such a supplier has established an acceptable quality program and
performance history as indicated by customer (market) acceptance of its’ product. As the
product complexity and supplier responsibility increases, suppliers must become compliant with
these basic quality system requirements to be approved for procurements. When the product is
“build-to-print,” complex, high value or critical to system performance the customer may require
additional implementation of advanced best practices.

When there is no previous experience with a supplier’s product, performance or capability the
basic quality system model, Figure 5-1 below, illustrates the level of detail for an initial
evaluation for new suppliers where more emphasis on documentation Levels I (Policies), II
(Procedures), and III (Process instructions) are required to ensure the supplier has the proper
procedures, processes and controls in place.

* Level I documentation typically includes (a) mission statement, (b) objectives, scope, and
approach,[JAM168] (c) responsibility and authority for implementation, maintenance and
auditing.

' Memorandum for Standardization Management Activities, Commercial Item Description May 2, 1996
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+ Level Il documentation typically includes the quality manual and internal procedures.

 Level III documentation typically includes Process Control Plans and process instructions.

* Level IV documentation typically includes (a) continuous improvement program and
reduction of product variations and (b) product qualification results and test data.

BASIC QUALITY ADVANCED QUALITY CONCEPTS &2
Facility-wide (Sample) .S
Infrastructure & e
=& (&) \c &9 ~ S
. & F P8 SE €S &
Documentation S TS (<)

Level

Figure 5-1. Quality System Model

Until new suppliers prove their capability to control the process and provide acceptable product,
customers may require more in-house witnessing or verifications of controls. As experience with
a supplier increases, as shown in the existing supplier level of detail bar on the right, the customer
oversight should be reduced and shifts to reviews of the supplier Level IV documentation and
advanced best practices such as Control Plans, process controls, variability reduction efforts, and
product test data. All ISO-certified suppliers are required to conduct an annual self-assessment
for ISO registration and a customer may require a copy of any self-assessments that have been
conducted.'*

5.3 Advanced Best Practices

Cugr,,  Lustomer Advanced best Practices provide for a team focus on
Satisfag‘." Needs con‘t\"‘" ) ] .
Viligagy RO ™ conformance to requirements, robust design practices,
R"“lltsbo" ’ perd ¢ s
System b . production processes, defect prevention and variability
Effectiveness Key Characteristics

reduction in products and processes through highly developed
and sophisticated controls.

Quatity
S

Design
Engincering

o

These best competitive practices have been adopted by many
suppliers as company standard practice. The Original Equipment Manufacturers (OEM) or
defense customers frequently require a variety of these practices to cement a higher level
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TRW Automotive Supplier Development Manual, pg. 1I-3
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customer-supplier relationship. OEMs such as: Boeing - D1-9000'”, Ford - Q1, automotive
industry - QS-9000, and McDonnell Douglas - “Gold, Silver, Bronze Supplier Certification” are
examples of these practices.

Advanced Best Practices may require tailoring of existing processes to meet customer
requirements, depending on the complexity and criticality of the product, the degree of
documentation required and the extent of flow down to subcontractors. Hence, the requirements
for Advanced Best Practices are usually specified in the Contract or Statement Of Objectives
(SO0) and are usually agreed upon prior to final contract negotiations.

5.4 Quality System Documentation and Planning

The supplier shall describe their facility-wide Quality System meeting the intent of ISO
Q9001-1994'° or ISO Q9002-1994 as indicated in the contract and Statement of
Objectives.

5.4.1 Quality System Plan

When the supplier’s existing quality systems and procedures do not adequately address a
customer’s requirements, a quality plan is developed in sufficient detail and provided to the
customer. The objective of this plan is to clearly describe the supplier’s quality organization''
and the intended approach for compliance of the supplier’s and sub-tier supplier’s Quality
Systems with the customer’s requirements. The plan may be combined into an overall Program
Control Plan. This quality plan typically requires customer approval prior to implementation or
for changes affecting the intent of the plan.

The quality plan consists, at a minimum, of the organization structure with defined roles and
responsibilities and written summary (listing) of applicable policies and procedures, and industry
standards being used.

5.5 Inspection and Testing

The customer required inspection and testing are documented in the supplier’s quali
q P g 1%Y q
procedures.'” Special customer required inspections or tests are documented in a control plan.

Boeing DI-9000 Advanced Quality Systems for Boeing Suppliers®
"' 180 Q9001-1994 Par. 4.2.2 Quality System Procedures

"' See Section 1.0 Organizational and Technical Interfaces

"2 1SO Q9001-1994 Par. 4.10 Inspection and Testing
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5.5.1 Customer Surveillance and Inspection

The supplier is required to have procedures for receiving inspection, In-
q ﬁ process inspection and testing, and final inspection and testing. In addition,
INSPECTION  ISO provides for customer verification of product at both the supplier’s and

subcontractors'” facilities. Customers are permitted to witness the inspection

and testing, particularly for new products. This is usually accomplished during the Production
Validation (PV) phase.

The defense customer delegates both surveillance and inspection at supplier and subcontractor
locations to their representative, the Defense Contract Management Command (DCMC). The
current DoD source inspection philosophy is to reduce source inspection when product
complexity is minimal or when the supplier’s existing data, past performance and quality records
warrant such a decision. On-going customer surveillance (insight) of the manufacturing processes
should be used in lieu of inspections.

CAUTION: The defense customer reserves the right to inspect at the supplier when acquisition of
complex products, problems in past quality or delivery performance, or customer reviews
indicates a need for final acceptance at the supplier.

When customer surveillance is required in the contract, the supplier and customer mutually
establish a Program Control Plan for customer participation in design reviews and verification,
product validation, or inspections prior to production release.

5.5.1.1 Commercial Items

Product quality of commercial items'* may be documented using historical market satisfaction or
process and test yield data; therefore, no additional inspection or quality systems are required.

5.5.2 Initial Lot Validation

First article validation for initial builds of complex or critical products may be required by the
defense customer to verify conformance with the product requirements prior to the initial
production build (Production Validation phase). “First articles” must be representative of the
production runs and may include initial production samples, first lot, pilot models or other
samples as mutually agreed upon. First article inspection (production validation) does not
usually include the customer and may not impede the production flow. The requirement below is
added to include the customer or their representative’s participation as a witness of the first
article inspections and testing by the supplier. (See Section 2.0 - Design Controls)
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ISO Q9001-1994 Par. 4.6.4.2 Customer Verification of subcontracted product When specified in the contract
the customer shall be afforded the right to verify conformance at the subcontractor’s and supplier’s facility. Par.
4.10 requires that all activities specified in the gualitv plan have been satisfactorily completed.

" Buying Commercial and Nondevelopmental Ttems: A Handbook - Chapter 6, Product Assurance
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The supplier shall provide for customer witnessing of Initial Production Lot Validation.
These validation points and methods shall be documented in the quality planning
documents. [JRM173]

5.5.3 In-process Inspections

In-process inspections are required per ISO Q9002-1994 Par. 4.10.3. In-
es—Wue®el process inspection are usually considered to be an internal process for the

TESTING commercial supplier and includes such activities a: job set-up and verification
and process performance monitoring. In-process inspections are typically used where operations
are not monitored by SPC and are called out in the control plan. Records of in-process
inspections must be maintained by the supplier. In-process inspections do not usually include
the customer and may not impede the production flow. The requirement below is added to allow
the customer or their representative’s to participate as a witness to the supplier’s in-process
inspections.

The supplier shall provide for customer witnessing of in-process inspections™* for product
key characteristics that are not controlled by SPC. Appropriate sampling may be used
and defined in the Program Control Plan.

CAUTION: Customer or representative in-process inspection is NOT a commercial practice and
may preclude contracting with commercial suppliers or cause an increase in the product price.
The production flow may not be impeded. The customer is usually allowed to “witness” the
production process. If this task should be mutually agreed upon, the inspection or witness and
Sfrequency should be clearly defined in the contract or statement of objectives and in the supplier’s
program control plan.

5.5.4 Final Inspection

Final inspection and testing are required per ISO Q9002-1994 Par. 4.10.4. Final inspection is
usually considered to be an internal process for the commercial supplier and includes such
activities as visual, mechanical and test operations, ensuring traceability and product revision is
correct, and performing inspections and tests per work instructions. Once the processes and
instructions are in place for production runs, there is usually no need for final inspection and
testing as many of the processes and in-line inspection and testing are automated. Results of the
final inspection and test are recorded and maintained per customer requirements.

"* 1SO Q9001-1994 Par. 4.10.3 In-process inspections
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The supplier shall provide a report of final inspection results and a certification'*® of final
inspection for each unique serial number or lot as indicated in the contract and Program
Control Plan.

5.5.5 Customer Witness of Final Acceptance

The customer is usually allowed to witness or “observe” the production process. The

requirement below is added to include the customer or their representative’s participation as a
witness to the supplier’s final inspection and/or acceptance testing. The production flow may
not be impeded. Appropriate sampling may be used and defined in the Program Control Plan.

The supplier shall provide for customer witnessing of final product inspection'’ and/or
acceptance testing and a Certification® of Final Acceptance for each unique serial
number or lot as indicated in the contract and Program Control Plan.

CAUTION: Customer or representative witnessing of Final Acceptance Inspection is NOT a
commercial practice and may preclude contracting with commercial suppliers or cause an
increase in the product price. If this task should be mutually agreed upon, the inspection/witness
and frequency should be clearly defined in the contract or statement of objectives and in the
supplier’s program control plan.

5.6 Nonconforming Product Determination Authority

The objective for control of nonconforming product is to prevent further processing of defective
products, to reduce future production rework or replacement costs and to ensure that the
customer receives product that meets the performance requirements. To accomplish this it is
necessary to establish controls for the identification, isolation, and disposition of discrepant
product. The customer may wish to review and approve the supplier’s internal system for
control of nonconforming product.

In the defense environment the process for controlling discrepant material is
referred to as “Material Review” (MR). A defense customer grants
Material Review Authority (MRA) to a supplier who has documented
satisfactory controls and procedures are in place to isolate defective
product, conduct material reviews and to dispose defective product that is
produced or procured.

116

ISO Q9001-1994 Par. 4.10.4 Final Acceptance inspection
"7 ISO Q9001-1994 Par. 4.10.4 Final Acceptance inspection
"® ISO Q9001-1994 Par.4.10.4 Final Acceptance inspection
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The supplier shall allow for final determination by the customer,'”’ or their
representative, for “use as is” and “repair” dispositions and any major nonconformances.

5.6.1 Material Review Members

Quality assurance procedures should clearly address the qualifications of the functions involved
in the determination process to ensure that dispositions are made by persons “competent to
evaluate the effects™” on form, fit, function and interchangeability. It is suggested that the cross-
functional team be included as material review members or advisors to disposition products. The
team members represent various functions (design, purchasing, manufacturing and quality
assurance) that should be advised of the defect and disposition in order to establish and
implement timely and effective corrective actions'” for processes that created the defect. The
next internal customer in the process should also be aware of, accept and agree to a
nonconforming material disposition.

The supplier’s nonconforming material control procedures must identify responsibilities and
authority'* for acceptance, rejection, and disposition of products. When material review
authority from the customer is required, the company’s procedures may require tailoring as
mutually agreed and documentation in the control plan or other appropriate document.

In either commercial industry or government the ultimate customer may require that the following
dispositions be submitted for customer determination of acceptability.

* “use as is” or “repair” dispositions
* where the defect impacts product’s or system’s form, fit, functional or interface

+ all government cost-type contracts, require customer or representative approval for any
material review disposition.

5.7 Quality Records

Identification of records to be retained are frequently developed with the
customer during the advanced quality planning. Quality records may be
submitted to the customer to demonstrate system efficiency or improvement, or as justification
for reduction of customer oversight.

ISO Q9001-1994 requires 16 quality records:
Note: ISO Paragraphs are shown in brackets [].
1. Management Reviews [4.1.3]

2. Quality Planning [4.2.3 h]

119
120
121
122

ISO Q9001-1994 Par. 4.13.2 “... reported for concession to the customer ...”

ISO Q9004-1-1994 Par. 14.4 Nonconforming Product Review

ISO Q9001-1994 Par. 4.14 Corrective and Preventive Action

ISO Q9001-1994 Par. 4.13.2 Review and Disposition of Nonconforming Product
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3. Contract Review [4.3.4]

4. Design Review [4.4.6]

5. Design Vertfication [4.4.7]

6. Sub-tier supplier valuations [4.6.2 c]

7. Control of Customer supplied product [4.7]

8. Traceability information [4.8]

9. Process Controls [4.9]

10. Receiving Inspection [4.10.2.3]

11. Inspection and Test records [4.10.5]

12. Control of Inspection and Test equipment [4.11, 4.11.2]
13. Review and Disposition Nonconforming product [4.13.2]
14. Corrective Action [4.14.2]

15. Internal audits [4.17]

16. Training records [4.18]

5.7.1 Record Retention

Individual contractors may elect to keep quality records for extended periods to assist in product
trouble-shooting, warranty issues or as a self-protection against future litigation. The period for
storage of records should be relative to the product operating life (20-45 years for some aircraft).

Supplier shall provide for Quality Records Retention and customer access, for the period
of time'” as stated in internal company procedures or as mutually agreed and defined in
the contract or statement of objectives.

5.8 Continuous Improvement

A continuous improvement philosophy is a “best practice” necessary for a supplier to remain
competitive, to reduce product cost and to improve delivery

Key Characteristics . .
performance and the level of customer satisfaction.

Process Controls
Measurement systg
Inspection & T

The supplier shall establish, document and maintain a
Continuous Improvement Program' that is applicable
throughout the organization and includes procedures,
instructions and reporting of product or process variability
reduction efforts together with monitoring of key
characteristics.

' 1SO Q9001-1994 Par. 4.16 “Retention times ... shall be established and recorded ... for a agreed period.
' 1SO Q9004-1 Par. 5.6 Quality Improvement
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The continuous improvement objectives and tools listed below are typical but not an exhaustive
listings.

Establish clear goals

Training

Recognition of successes

Design of Experiments (DOE)

Computer Modeling or Simulation

Design for Manufacturability or Assembly (DFM/A)
Process-proofing (Mistake-proofing)
Inspection/audit points

Failure Mode and Effects Analysis (FMEA)

10. Performance risk assessments

W ook W=

Total Quality Management Techniques

* Parts per million analysis

* Pareto analysis

* Cause and effect diagrams

* Flow charts of critical processes

Statistical Process Controls and Control Charts'”

* Sampling techniques
* Control charts in use
» Management summary reports

Key Process Parameter Controls
* Process capability studies (Cp & Cpk)
Variance Reduction Program (VRP)

» Variance reduction is a continuous improvement “best practice” that relates specifically to
design, manufacturing, assembly and test of the product. Requirements for variability
reduction instructions are found in the Section 10 Manufacturing Processes & Controls
VRP efforts are described in the Program Control Plan.

- NOTE: A product variability reduction program is suggested as a possible area for
supplier award/incentive fee that is mutually agreed upon.

5.8.1 Continuous Improvement Program Incentives

Variability reduction programs benefit both the customer and the supplier and as such may
include contractual incentives. Continuous improvement goals, metrics for measurement of

125

ISO Q9001-1994 Par. 4.20.2 Statistical Techniques - documented procedures
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progress and frequency of review should be mutually established between the customer and
cross-functional team members. The defense customer frequently includes an award fee for
variability reduction efforts.

5.9 Cost-of-Quality

The cost-of-quality tracking is a “best practice” used by world-class suppliers. The actual costs
of key processes are measured, tracked and compared with previous periods to determine the
effectiveness of past corrective actions or continuous improvements.

Costs related to defect prevention, appraisal (for corrective action), failure (internal or external),
correction (rework/repair) and scrap, have no equivalence in ISO Q9001-1994; but, ISO Q9004-
1-1994, Guidelines for Quality Systems and Management, Par. 6.2.2, Financial Considerations of
Quality Systems, discusses in detail the value of cost of quality reports to management.

Cost-of-quality data is used by the defense customer to determine the total life-cycle cost of a
system including possible affects on maintainability and repairs, evaluation of a quality program
effectiveness, and identification of cost drivers for non-conforming product. Cost-of-quality data
and monthly reporting is suggested as a possible area for supplier award/incentive fee that is
mutually agreed upon.

The supplier shall demonstrate their Cost-of-Quality'” measurement system including
internal management reporting and trend analysis.

CAUTION: Cost-of-quality reporting requirements are NOT a commercial practice and may
preclude contracting with commercial suppliers. Suppliers are usually willing to demonstrate
their internal practices during the initial supplier selection process. If this task for reporting of
cost-of-quality information mutually agreed upon, the content and frequency should be clearly
defined in the contract or statement of objectives and in the supplier program control plan.

Cost-of-quality data usually includes Prevention, appraisal and failure costs and may be shown
as a percentage of sales or manufacturing added costs. Cost-of-quality should be collected, for
specific contracts or products, on a continual basis and reported at least quarterly.

» Prevention:
- Inspection & test planning
- Qualification tests
— sub-tier supplier development

126

ISO Q9004-1-1994 Par. 6.2.2 a) Quality-costing approach
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» Appraisal:

Inspections: Incoming, In-process, Final
Inspection & test equipment

o Failure:

Rework, repair or replacement, scrap (required by defense customers)
External: warranty, loss of business due to customer dissatisfaction
Other: production yield, first pass success, down time, loss of production

5.10 References

National standards available

American National Standards Institute (ANSI):
ISO Q9001-1994, Quality Systems- Model, released August 1, 1994.

ISO Q9004-1-1994 Quality System Element - Guidelines
International Organization for Standardization (ISO)

ISO-10006 Guideline for Quality Assurance for Program Management (DRAFT)
ISO 10012-1:1992 Quality Assurance for Measuring Equipment

Commercial company’s standards
pany

Boeing Aircraft Company

D1-9000 Advanced Quality Systems for Boeing Suppliers®
a registered trademark of Boeing Aircraft Company

* Automotive Industry Association Group: (AIAG)

QS-9000 Quality System Requirements

Advanced Product Quality Planning and Control Plan reference manual

DoD Handbooks

Commercial and Nondevelopmental Handbook, April 1996,
OSD-Standardization Program Division
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6. Supplier Selection
Objective: To affect design, time-to-market, producibility, quality, profit and reputation.

This requirement for source selection policies and/or procedures addresses the selection of
qualified suppliers and the periodic evaluation of their past performance. The technical and cost
issues that are involved with down-selection are not addressed.

The requirements developed in this document are only applicable when specified in the contract,
statement of work or operational requirements matrix'*’. The supplier’s own systems or
processes must meet the intent of the ISO 9000 series and these requirements. The requirements
for policies and/or procedures are shown below.

Requirement Title Par.
1.6.1 Source Selection Policies, Procedures and Planning...........c.oc....e. 6.1
2.6.4 Supplier Performance Rating System ........ccccccoecnveinninninnnnennns 6.4

These Source Selection requirements are based on the requirements established by:

+ISO Q9001-1994 par. 4.6.2 Evaluation of subcontractors
*ISO Q9004-1-1994 par. 9.3 Selection of acceptable subcontractors
*ISO Q9004-1-1994 par. 9.8 Quality records related to purchasing

Note: It is not required that the contractor’s Source Selection process be based on the
requirements of ISO 9000 Quality Requirements series. Other national standards or the
supplier’s own practices may also be used.

6.1 Source Selection Policies, Procedures and Planning

The source selection policies and procedures include:

+ Internal Policies - level 1 documentation (See Section 5.3 Basic Quality System)
+ Internal Procedures - level 2 documentation (See Section 5.3 Basic Quality System)

The supplier shall describe their internal process for management of Source Selection
Policies and/or Procedures'” which ensure that stated performance and reliability
requirements will be satisfied.

127

o8 Organizational and Technical Interfaces BP Requirements Section 1

ISO 9001-1994 par. 4.6 Purchasing
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6.1.1 Source Selection Plan

When the supplier and sub-tier supplier existing source selection procedures do not adequately
address customer requirements, a Source Selection Plan is developed and provided to the
customer. This plan should clearly describe the organization and intended approach for
compliance with the customer requirements.

This Source Selection Plan may be combined with the overall Program Control Plan and consists,
at a minimum, of the following.

* Organization structure with defined roles and responsibilities
*  Written summary (listing) of applicable policies and procedures, industry standards

» Evaluation criteria: technical, cost and performance factors

129

» Subcontractor controls'” (business practice flow down requirements)

» Subcontractor performance reviews and audits'”.

Source Selection must be based on Technical, Cost and Performance factors including the
following.

» The supplier’s technical approach must be acceptable and in compliance with customer
‘requirements and specifications, and national standards.

» Cost factors include competitive cost and cost containment initiatives such as design-to-
cost and continuous process improvement.

» The performance risk factors address the supplier’s product quality, on-time delivery,
and responsiveness to customer needs and expectations.

The Source Selection Plan may be as simple as references to company procedures or may require
a detailed outline with milestone events, depending on the product and program requirements.
The type and extent of source selection planning is dependent on the type of product,
complexity and criticality and is usually required only for major subcontracts. The controls
placed on subcontractors is also dependent on the type of product they provide, the complexity
and criticality, and where appropriate, the subcontractor’s records of previously demonstrated
capability and performance. Reference to existing plans in other functional areas is acceptable.
The Source Selection Plan typically requires customer approval prior to implementation or for
any changes affecting the intent of the plan. Figure 6-1. Supplier Selection Model, depicts a
simplified supplier selection process for used by a commodity team. The process begins with a
questionnaire together with supporting documentation, submitted by the supplier for review by
the selection team. The team reviews the documentation for adequacy and determines the
supplier capability to provide the product, based on complexity and prior qualifications. If
necessary a supplier survey is completed. Corrective action, if needed, is taken by the supplier

129

0 ISO 9001-1994 par. 4.6.2 b ... type and extent of control ... over subcontractors

ISO9004-1-1994 par. 9.8 Quality records related to purchasing ... availability of historical data to assess
subcontractor performance and quality trends.
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and approval is granted. Supplier performance reports are maintained and periodically reviewed
for continuous improvements.

s ;
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: REQUESTFOR A QUESTIONNAIRE P-]DOCUMENTATION CORRECTVEACTION  [4— — 4
, NEW SUPPLIER 4 Review necessary. |
P SN E. I
Business Processes Design Engr, SubContracts, Buyer, |
Quality Systems Quality, Program Mgr, Comp.Engr |
Standards Used |
Are I
O Products YES CRITICAL N |

or Complex
PART
?

|
Periodic
Reports to
Supplier

"QUALIFIED"
\Iine
?
ACCEPT
SUPPLIER
SURVEY  JREJECT \

Source Selection Team

by ired
ay be requr SUPPLIER

NOT
APPROVED.

Supplier

Enter into
DATABASE

CORRECTIVE
ACTION Plan

Figure 6-1. Supplier Selection Model

6.2 Source Selection Team

It is recommended that contractors establish a formal Source Selection team for high-dollar
procurements, complex products or the establishment of long term, preferred supplier
agreements. A source selection team or commodity team is composed of a cross-functional
group"' who are technically capable within their areas, including engineers, finance,
manufacturing, procurement and quality assurance personnel. The team should be convened
prior to Preliminary Design Review (PDR) or initial Bill-of-material development to
review/revise those items to be out-sourced and their classification.

Team responsibilities include the following.

« Establishing or tailoring of the supplier Self-Evaluation questionnaire for a specific
commodity (par. 6.6 for Questionnaire information)

B! See Section 1.0 Organizational and Technical Interfaces
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* Determining evaluation criteria / weighting / relative importance of questions

» Assisting in the review of the product classification for sub-tier supplier quality
requirements

» Participating in questionnaire evaluation and on-site evaluations

* Participating in past performance reviews.

+ Participating in establishment of supplier Relationships (par. 6.8)

» Feedback to supplier regarding self-evaluation short falls with corrective action required
prior to on-site survey and regarding performance reviews.

6.3 Facility Survey Requirements

A facility survey is required when the product complexity or critical applications warrants an
audit of supplier processes. The Source Selection Plan should describe the circumstances that
will require facility surveys to be performed.

The initial audit should consist of the Basic Quality System and Statistical Process Controls
(SPC) reviews. Depending on the program phase, individual advance quality concepts (AQC)
may also be reviewed during the initial audit. Advanced quality concepts that are appropriate
and critical to the delivery of conforming products may be audited during subsequent
performance evaluations. The level of detail will vary for new suppliers, who have procedures
and infrastructure but have not provided products. For existing suppliers, the emphasis should
be placed on adequate product historical data with less emphasis on infrastructure
documentation. (see section 5.3 Quality Systems Model).

6.4 Supplier Performance Rating System

The supplier shall describe and demonstrate how past performance information and
periodic evaluations are used in future source selection decisions and the management of
the existing supplier base.

6.4.1 Performance Risk Factor

Supplier rating systems generally include an objective measurement of past performance and
subjective evaluations of a supplier’s compliance with standards and commitment to customer
satisfaction. These ratings are used, in varying ways, in the future source selection decision to
estimate the potential performance risks. The objective numeric rating may be used to “factor” a
supplier’s bid, illustrating the “total cost of ownership vs. the total value received.” The
subjective rating of the supplier’s cooperation and responsiveness is also taken into consideration
by the source selection committee. These ratings may also be used to determine the level of
detail required in audits or the amount of supplier surveillance that is warranted based on past
performance. (Note: The more metrics that are agreed upon, the less customer oversight should
be required.)
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A past performance reporting system may include the following.
« Objective elements such as:

- Product quality, including data from inspections performed at incoming/receiving
inspection, at the supplier, and rejections from the assembly line that are attributable
to the supplier,

- On-time delivery performance, based on receipt date for acceptable product as
compared to the contractual promise date.

» Subjective elements such as:
- Management cooperation or responsiveness
Willingness to share information

Cost improvement or control goals (design-to-cost)

Continuous Process Improvement goals.

Suppliers with no “past performance experience” should not be penalized unless it can be
demonstrated that the lack of “product (technical) experience” would represent a higher risk to
the customer.

These supplier ratings should be centrally maintained and be periodically updated in a database
or reporting system. Production suppliers are reported separately from non-production
suppliers but may use the same rating system.

6.4.2 Periodic Evaluation

The supplier shall describe the requirement and frequency for subcontractor evaluations (par. 6.7
for registration information.)

The an on-site audit may not be necessary when the supplier rating system is functioning
properly, on-time delivery and product quality is acceptable, and the supplier’s continuous
process improvement goals are being met.

Note: Supplier evaluations by industry take many forms from reviewing past performance to re-
auditing at established periods.

The supplier should be evaluated to ascertain problems that may be causing poor performance.
The following circumstances should require an audit.

+ Poor quality and delivery performance rating within past 12 months

«  Supplier not meeting agreed improvement goals'”.
» No product receipts within last 2 years
 Critical management changes have occurred

» Facility relocated and process controls changed

132 QS-9000 Attachment A, pg. 76
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An information feedback system should be established for all supplier evaluations. Past
performance results should be reviewed with subcontractors in the spirit of continuous
improvement.

6.5 References

The following non-government standards were reviewed during the development of these
requirements:

* American National Standards Institute/ American Society for Quality Control
- ISO 9001-1994 Quality Systems-Model for Quality Assurance in Design,
Development, Production, installation, and servicing.
- ISO 9004-1-1994 Quality management and quality system elements - Guidelines.

*  QS-9000, Quality System Requirements, August 1994 Chrysler Corporation, Ford
Motor Company, General Motors Corporation Quality System Assessment, Chrysler,
Ford, GM, August 1994.

» Supplier Requirements Manual, TRW Automotive Electronics Group, April 1994.

» Audit Preparation and Survey Guidelines, TRW Automotive Electronics Group, 04/95.
* DI1-9000® Advanced Quality Systems® for Boeing Suppliers, 1995.

»  Supplier Certification, Clemson University College of Commerce and Industry, 1991.

The following first tier Military requirements documents were reviewed during the development
of these requirements.

*  MIL-Q-9858A, Quality Program Requirements;
2/27/95: Canceled per OSD DSIC effective 10/96.

* MIL-STD-1535A, Supplier Quality Assurance Program Requirements, February 1974.
Canceled per OSD DSIC 5/31/95.

» Air Force Pamphlet 63-502, Guide to Air Force Acquisition Quality Program, Draft
dated July 20, 1995.

* Performance Risk Assessment Group Desk Guide, Joint Aeronautical commander’s
Group, Draft August 31, 1995

Note: This attachment is NOT a requirement, but is provided as a possible “best practice”.
6.6 Subcontractor Self-Evaluation

In preparation for the supplier selection process, a self-evaluation questionnaire should be
developed for specific commodities by the product team. It is suggested that this self-evaluation
questionnaire requires the supplier to input a written response, not a simple “yes/no” checkoff.
The form should be available in electronic format to facilitate on-line completion by the supplier
and to establish an electronic record for future reference at the customer. All new suppliers
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should be required to complete this self-evaluation and submit it to the customer for their review.
This questionnaire will provide a preliminary look at the supplier’s capability and controls. Not
all suppliers will require a facility survey, depending on the product complexity and ownership
of the design. A facility survey should add value to the selection process. An extensive
questionnaire should provide sufficient information to justify placement of non-critical or non-
complex products with the candidate supplier.

6.6.1 Business practices

The self-evaluation should include:

* awritten description of Policies & Practices

* copies of manual Cover page, index and revision record pages only; complete documents are
not required, but specific documents of interest may be requested at a later time or
reviewed during a facility survey.

* amanagement vision and mission statements, organization charts and qualification or
background information.

- quality products and customer satisfaction must be a driving forces within your
company. Provide evidence of customer satisfaction, awards and dates.

6.6.2 Basic Quality Systems

 Describe Standards used for your basic quality systems (ISO 9000)
 Describe your Strategic Quality Planning objectives
¢ Describe your Continuous Process Improvement initiatives

6.6.3 Advanced Quality Concepts

Describe and demonstrate with examples, the analytical techniques used to eliminate variances or
non-conformities (typical examples):

» Statistical Process Control (SPC)
* Control charts

* Quality Function Deployment (QFD)
* Design of Experiments (DOE)

* Design for Manufacturing (DFM)
* Design Verification (DV)

» Critical Path Method (Pert/Gantt)
* Benchmarking

* Cause & effect diagram (fishbone)
* Production part approval

* Manufacturing process controls

* Mistake proofing

* Test capability
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Attachment A - System Audits

Note: This attachment is NOT a requirement, but is provided as “information only”.

6.7 Systems Audits

Systems audits/surveys ensure that the supplier is conducting business in compliance with their
established procedures or control plans and that those procedures, processes and results will
meet the customer’s requirements. These audits do not relieve suppliers from ensuring quality of
subcontracted parts, materials or services.'”” Each customer must determine which approach is
acceptable to meet their goals and objectives. These System Audits include:

* A First-party audit which consists of an internal self-audit conducted by a functionally
“independent” auditor to ensure that the procedures are clearly understood and performed
by the employees.

* A Second-party evaluation is usually conducted by a customer or industry association.
Assessments by other customers in a similar industry may be acceptable when evidence of
surveys is provided to the customer requesting evaluation.

* A Third-party assessment is referred to as a Formal registration and is conducted by an
accredited certification body such as:

- ISO

- National Standards Authority of Ireland
— Underwriters Laboratory

- Other certified accreditation bodies

Note: There 1s no DoD or Air Force policy requiring Registration.

133 QS-9000 par. 4.6.2 Notc
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6.8 Supplier Relationship Levels

Note: This attachment is NOT a requirement, but is provided as a possible “best practice”.

Lean Aircraft Initiative (LAI) 8/95: LAl is a consortium of defense contractors and academia
which is led by Massachusetts Institute of Technology (MIT). Their purpose is to identify the
best practices in industry that may be adopted in defense contracting. The excerpt shown below
is taken from the LAI Supplier Focus Group. Figure 2. Suggested Supplier Relations Hierarchy
depicts this objective.

* Overarching practices in supplier selection: “Ingrained design processes which pro-
actively involves preferred suppliers in part, process and performance decisions from pre-
proposal through product realization” and “Substantial and increasing percentage of dollar
volume transacted through supplier partnerships and long term agreements...”

Supplier Relationships

Figure 2. Suggested Supplier Relations Hierarchy
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6.8.1 Strategic Alliance supplier

A strategic alliance is a formal agreement between companies, established at the corporate
management level, which offers a strategic advantage (a.k.a. joint venture or cooperative
agreements).

¢ Benefits:

- Core competencies of each company are used to obtain the lowest cost, reduction of

risk, and highest technological products to meet a customers requirements with an
improved time-to-market.

* Responsibilities:
- Sharing of design and development or supply capabilities
~ Sharing of proprietary technical information
- Compatible technological products or processes

6.8.2 Certified Supplier

* Benefits:
- same as Preferred supplier PLUS
- periodic re-audits are not required
- (excluding new program plans that may be required)
- ship-to-WIP (Work-In-Process or Stock)

A Designated Supplier Quality Representative may be established, by the customer,
from the supplier’s Quality personnel to accept product for the customer at the
supplier’s plant.
* Responsibilities:
- Continuous Process Improvement (CPI) goals met.

6.8.3 Preferred Supplier status

* Benefits:
- same as QUALIFIED supplier PLUS
- Concurrent engineering involvement
- Selected by cross-functional team
- Long term agreement or commitment established
* Responsibilities:
- Advanced quality planning for defect prevention or variation reduction, FMEA, etc.
6.8.4 Qualified Supplier status

* Benefits:
- Lot sampling used at incoming quality control
* Responsibilities:
- Acceptable performance history: Quality & Delivery
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6.8.5 Approved Supplier status

1) Benefits:
- Allowed to submit bids for new requirements
- New suppliers begin with a PERFECT supplier rating.
2) Responsibilities:
- 100% inspection by incoming quality control
- probationary status; establish a proven quality history (below)

6.8.6 Proven Quality History

Typical examples for establishing a “proven quality history” include:

» TRW Automotive Electronics:

- 12 months as Approved supplier
* TRW Avionics Systems Division:

- 12 months with acceptable Supplier Performance Rating
* Lockheed Martin Tactical Aircraft Systems:

- 6 months as Approved supplier
« Boeing Defense & Space Systems:

- each situation is determined on it’s merits.
»  McDonnell Douglas:

- 99% Quality & 99% On Time history for 12 months
« AT&T:

- 10 consecutive acceptable lots and 6 months to proceed to next levels

111



112



7. Procurement Controls

Objective: To provide material, supplies and services in an efficient and timely manner
to our internal users and to provide clear communication of requirements, delivery and
acceptance criteria to suppliers, while obtaining the best competitive price.

This requirements document was developed with the cooperation of commercial industry and
defense contractors best competitive practices and is based on ISO Q9001, Par. 4.6 and 4.6.3,
and ISO Q9004-1-1994. These requirements do not intend to specify a national standard, but
allow the supplier to select any national standard or develop his own methods, as long as they
“meet the intent” of all customer and Business Practices Requirements. The requirements
developed in this document are only “applicable” when specified in the Contract, Statement of
Work or Operational Requirements Matrix. The supplier’s own systems or processes must
meet the intent of ISO 9002 and these requirements. The requirements for policies and/or
procedures are shown below.

Requirement Title Par.
1.7.1 Procurement Procedures ........ccccooveioiieeirinieercerieceeeeeecneenreeennnns 7.1

2.7.4 Procurement System Evaluations .........cccoeceevccencennnccnnnnncnncne 7.4

7.1 Procurement Procedures

The supplier shall establish and maintain Procurement Procedures' to ensure internal
review and approval of procurement documents, and the proper communication of
contractual requirements, product requirements, and technical data to sub-tier suppliers.

7.2 Procurement Data

Procurement data is defined as information contained in the contract, subcontract, statement of
work, purchase order or other suitable acquisition documents that clearly describes to sub-tier
suppliers the product being ordered including quantity, price, specifications, technical data,
contractual clauses, terms and conditions, quality system requirements, and acceptance criteria.

The following procurement data is considered to be the minimum necessary for proper
requirements communication.

» Product description™
- Part number, Description or statement of work
*  Unit price
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Ref. ISO 9001-1994 Par. 4.0, 4.1.1,4.2.2, 423, 4.6.2, 4.6.3
3¢ Ref. 1SO 9001-1994 Par. 4.6.3
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*  Quantity required
*  Quality system or product quality level requirements™’
* Required delivery date
¢ Payment terms, FOB point (free on board) and prompt pay discounts
* Acceptance criteria
- Certificate of conformance'* or warranty
- Receiving or source inspection'’
- Acceptance test data
- Qualification tests

Note: Where verification of purchased product at the subcontractor’s facility is required, the
supplier shall clearly specify the requirements for acceptance.

7.3 DPAS Priority Rating

Defense-related prime contracts require the inclusion of the Defense Priority and Allocation
System (DPAS') clause for national defense programs and includes any product, service, or
material which requires preferential treatment or priority basis over all other contracts and to
allocate materials and facilities in such a manner as to promote the national defense. However,
the DPAS priority rating should not be applicable to “commercial items.”

CAUTION: Use of the Defense Priority clause is NOT a commercial practice and may preclude
contracting with commercial suppliers. If this task is mutually agreed upon, the Purchase Order
Clause, requirements for Governments rights to affect a supplier or sub-tier supplier’s
production scheduling and “acknowledgments” should be clearly defined in the contract or
statement of objectives and in the supplier’s program control plan.

7.4 Procurement System Evaluations

The supplier shall provide evidence of periodic, independent, internal Procurement
System reviews'" to ensure compliance with company policies and procedures.

The procurement system evaluations, significant findings, corrective action taken, feedback
provided to individuals involved and other purchasing metrics should be summarized for
presentation to management and may be required for submission to the customer.
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Ref. ISO 9001-1994 Par. 4.6.3

FAR 46.504 Certificate of Conformance ... may be used in certain instances instead of source inspection ...
government’s interest, small losses in event of defect, contractor’s reputation and past performance.

Ref. ISO 9001-1994 Par. 4.6.4

FAR 52.211-15 Defense Priority and Allocation Requirements (15 CFR Part 700)

ISO 9001-1994 Par. 4.1.3 Management review
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CAUTION: Periodic external procurement system review is NOT a commercial practice and
may preclude contracting with commercial suppliers. If this task is mutually agreed upon, the
procurement system review should be accomplished during the Supplier Selection process. If
subsequent reviews are necessary, they should be clearly defined in the contract or statement of
objectives and in the supplier’s program control plan.

Attachment A - 7.5 Procurement Metrics Report (par. 7.5) is shown to provide some ideas for
procurement metrics.
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Attachment A - Procurement Metrics

This Attachment is NOT a requirement, but is intended to provide possible metrics for
continuous improvement of the procurement system.

7.5 Procurement Metrics Report

Procurement metrics should be established by the supplier and reported to upper management on
a periodic basis. The intent is to provide meaningful metrics for the supplier to ascertain that
proper controls of the procurement process are in place and continuous improvement and
corrective action activities are effective.

These metrics (examples below) may be provided to the customer as demonstration of
procurement controls to warrant reduced customer oversight. World class companies use
benchmarks to establish a baseline for improvement metrics.

Note: It is suggested that a report be generated at a minimum on a semi-annual basis from
information contained in the supplier’s existing procurement system and contain 2-3 pages of
summary level information to indicate procurement trends as compared to benchmarks
established or to internal company goals and objectives.

Procurement Metrics for your consideration

T | indicates an Increase or Decrease in trend for metric. Circle one.

Acquisition Cycle Time Reduction:

Objective: Reduction of acquisition cycle time.

Definition: Cycle Time Reduction is the elapsed time from when a requirement is identified

until the product is received in useable condition and includes: Drawing release, Purchase
Requisition, Quotes, Supplier selection, Date PO placed, Receipt of product.

Efficiency of the Acquisition (cycle) time: Goal: Caldays T

Optimization of Supplier Base:

Objective: Establish “teaming” or “preferred” relationships with a few select suppliers and
reducing the marginal or mediocre suppliers. Increasing the supplier’s share of business by early
involvement will provide reduced costs or improve products.

(Separate production, overhead and MRO suppliers.)
Number of production suppliers: Goal: T
Number of Strategic or Certified suppliers: Goal: Td

Average Procurement $ per production supplier:  Goal: $ T
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Procurement or Supplier-generated savings:

Objective: Reduced costs for supplier; reduced prices for customers.

* % of dollars awarded by competition Goal: _ % or [ ] Nottracked
* Buyer-negotiated savings, New suppliers (competition), or
Design changes recommended by your suppliers  Goal: $ Saved
* Cost reduction based on Cost Improvement goals established with customer. Percent cost
reduction for procurements Goal: § $ % Saved

Supplier Lead-time:

Objective: Improve cycle times for faster time-to-market.

* Deliveries that met the requested on-dock or JIT required date.

(Was the product delivered when required?) Goal: % %
» Is supplier delivery performance tracked in your rating system?
Average On-Time delivery: Goal: _ % % of lots On-Time T {

Defective Products:

Objective: Establish continuously improving goals for supplier’s product acceptance at
receiving inspection, source inspection, or production line or field failures.

* * Quality level for all suppliers Goal: PPMor% T
 Discrepancy Reports issued: Goal: % Tl
* Returns to suppliers: (Lots) Goal: % T

Socio-economic Procurement Summary:

» Small, Disadvantage Business Goal: % or [ ] Not tracked
* Minority Business Goal: % or [ ] Not tracked
» Woman-owned Business Goal: % or [ ] Not tracked

Results of Procurement System audits

Objective: Demonstrate that proper controls are in place and being reviewed by management
for reduction or elimination of customer surveillance. Audits conducted since the last
periodic report.

Internal Corporate Audits

» Audit conducted by: Date of Audit:
* Corrective Action required: Date of Audit:

External Customer Audit/Verification

* Audit conducted by: Date of Audit:
» Corrective Action required:
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8. Customer Property Controls

Objective: To ensure customers that their property is being properly utilized and
protected.

These business practice requirements do not intend to specify a national standard, but do intend
to allow the supplier to select any national standard or develop his own standard methods as long
as they meet the intent of all customer and the Business Practices Manual requirements.

» Definition: Customer Property comprises any plant equipment, or personal or real
property, or material where title is vested in the customer and is subsequently
furnished to a supplier for performance of a contract.

» Definition: Sensitive Property is property that is potentially dangerous to the public
safety or security if stolen or lost, or is subject to exceptional physical security,
protection, control or accountability, including national security classified items,
controlled substances, hazardous materials, or precious metals.

The requirements developed in this document are only applicable when specified in the contract,
statement of work or operational requirements matrix'*. The supplier’s own systems or
processes must meet the intent of ISO 9002 and these requirements. The requirements for
policies and/or procedures are shown below.

Requirement Title Par.

8.1 Customer Property Policies, Procedures and Control Plan ........ccccccucen...e. 8.1
8.3 Customer Property Identification, Care and Reporting ...........ccccevueeueennnas 8.3
8.4 Disposal of Customer PrOPerty ......c.cceovvevvririerneernenienieseneeeeeneseessenes 8.4

Note: Government-Furnished Property (GFP) or Customer-Furnished Property (CFP) is
referred to in this manual as Customer Property when the property is supplied by a customer
who is either the Government or an Original Equipment Manufacturer (OEM) or any higher tier
in the supply chain.

These customer property management practices are based on ISO Q9001-1994 Par. 4.7, the
National Property Management Association, the Aerospace Industry Association (AIA)
recommendations, and industry competitive practices. These property management
requirements direct that suppliers establish and maintain procedures and practices to protect and
manage customer property.

These requirements assume that a commercial supplier will be performing against a firm, fixed-
price contract to provide products to the Government.

2 Organizational and Technical Interfaces BP Requirements Section 1
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Note: When the product is provided under a Government, cost-type contract, the customer-
supplied property definition includes products acquired by the supplier for use in development,
manufacture, test or maintenance.

The following customer concerns are the basis for these business practice requirements:

» Customer property management system procedures

» Usage limited to contract intent (Commingling of inventory)
* Maintenance of customer property

» Reporting loss or destruction (Records and Reporting)

* Return of property (Contract close-out)

Other contract types, facilities and the supplier’s acquisition of Government-owned property
may require additional oversight and reporting requirements under the current regulations and are
not discussed here.

8.1 Customer Property Policies, Procedures and Control Plan

A policy statement regarding use of customer property only as authorized must be included in
the policies or procedures.

The supplier shall describe their internal process for management of customer-owned
property’® which ensures that stated performance and reliability requirements will be
satisfied.

8.2 Customer Property Management Model

Figure 8-1. Property Control Model is a simple overview of the 3 elements necessary for an
adequate property control system property control procedures and processes, proper care and
use of property while in possession, and finally disposal of customer property according to their
instructions. The supplier may use a manual tracing system or may use computerized tracking
with an end result able to retrieve or report the status of the customers property at any time.
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Requirements

#1- PROPERTY MANAGEMENT PROCEDURES
Customer or Supplier owned Assets

- -PROPERTY CONTROL PLAN

SPECIAL CUSTOMER
REQUIREMENTS &
REPORTS

#2-IDENTIFICATION, CARE & REPORTING

~a) RECEIPT, INSPECTION & ID
Supplier Capitalized Assets RECEIPT ¥

/ Customer-furnished Property RECEIPT

b) CARE & MAINTENANCE

j PROPERTY CARE

j External or Internal -
-+ Repair & Maintenance
B Calibration

¢) TRACKING & REPORTING

-§ PROPERTY LOCATION/INVENTORY
ke Bldgs, Bays, cribs

* Sub-contractors

» Lost, Stolen, Damaged reports

#3- DISPOSAL ,
{PROPERTY DISPOSITON
j» Consumed

. Sell or Trade-in
J* Retum to Customer

Property includes: Customer-Furnished Equipment,
Tooling, Material, Parts, Software or Test Equipment
OR a supplier's Capitalized Assets

» Supplier Tool Record

» Annual Inventory report

» Customer Approval of System
* Security

* Hazardous materials

PROPERTY
ACQUISITION
APPROVAL

PROPERTY
ID NUMBER
ASSIGNED

Optional
PROPERTY
RECORDS
(hardcopy)

b o e — o — — — — —

Figure 8-1. Property Control Model
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8.2.1 Property Control Plan

When the supplier’s existing property control systems and procedures do not adequately address
a customer’s requirements, a Property Control Plan is developed to clearly describe the
organization and intended approach for compliance of the supplier’s and sub-tier supplier’s
property controls and may be combined with the overall Program Control Plan. A Property
Control Plan typically requires customer approval prior to implementation or for any changes
affecting the intent of the plan. A typical plan contains the supplier’s proposed methods for
addressing, at a minimum, the:

* Supplier’s internal controls including (a) policies, Procedures, national or industry
standards used, (b) organizational structure with defined roles and responsibilities including
points-of-contact, and (c) maintenance plan when special maintenance requirements for
customer property exceed the supplier’s normal maintenance process and,

* Project-unique handling and storage of customer property such as (a) classified products,
hazardous materials, or prevention of commingling of customer and supplier property, (b)
reporting requirements or annual property reports, and (c) supplier’s property records
constitute the official property records unless an exemption is authorized and released from
liability.

8.3 Customer Property Identification, Care and Reporting

Customer-owned property should be cared for in the same manner as the supplier-owned
property. Customer-owned property is identified on receipt, labeled per customer instructions,
and is not physically commingled with other contract material nor with the supplier’s material.
Reporting requirements are determined by mutual agreement and are documented in a Property
Control Plan.

The supplier shall:
a) yerify' the jdentify and condition of customer property upon receipt

b) provide proper care, maintenance, and storage of customer property

c¢) ensure that customer property is not physically commingled with other product,
either customer-owned or from other sources, and that the customer property is not
used in other contracts'*

d) maintain a recording and reporting system to track customer property to include
receipt at the supplier, inventory transactions (issues and receipts), scrap, loss,
damage, location and returns

e) track and report customer property in the possession of subcontractor

ISO 9001-1994 par. 4.7 Control of Customer-Supplied Product (verification)
ISO 9001-1994 par. 4.15.3 Handling, Storage, Packaging, Preservation & Delivery,
ISO 9001-1994 par. 4.7 Control of Customer Supplier Product
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8.4 Disposal of Customer Property

The supplier shall dispose'* of customer-owned property according to customer written
instructions at conclusion of the contract or when no longer needed, whichever is sooner.

The requirement for coordination and communication with a government property clearing officer
is determined by mutual agreement and is documented in a Property Control Plan. Use of
government-specified forms is usually necessary.

8.5 References

National standards available

« American National Standards Institute (ANSI):
ANSI/ASQC Q9001-1994, Quality Systems- Model, August 1, 1994.

« Automotive Industry Association Group (AIAG):
QS-9000 Quality System Requirements

« National Property Management Association (NPMA): Property Manual DRAFT

» Aerospace Industries Association of America:
Government Property Control recommendations 8/96 DRAFT

8.6 Reference Information Only: Requirements Matrix

The business practice requirements were developed, by referencing the 16 requirements stated in
FAR 52.245-3 and the Aerospace Industries Association recommended FAR re-write
requirements contained in the Draft dated 8/96. Table 8-1shows the correlation between the three
requirements sources (ISO, FAR, & AIA).

Requirements based in ISO Q9001-1994 are shown in BOLD.
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FAR 52.245-2 Reqmt (i) Final Accounting and dispositior...
FAR 45.6 Reporting, Redistribution, and Disposal of Contractory Inventory
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REQUIREMENTS

Tiso Q9o01-1994

Other Nat'l Stds
(AIA Draft 8/12/96)

CUSTOMER PROPERTY CONTROL |
16 REQUIREMENTS per
FAR 52.245-3 re-write 8/96

[ Policy Statement

| AIA Draft #5

1) use only as authorized
¢ FAR 45.102 (c); 45.508-2

E

PROCEDURE | @9001: 4.7 procedures 2) Document procedures
| AlA Draft #16 - FAR 45.502 (a); 52.245-2 (e)(2) |
IDENTIFICATION AlA Draft #3 #11 3) identify and entered into
Property System - FAR 45.506;
52.245-3
RECEIPT & Q9001: 4.7 verification 4) inspected upon receipt
INSPECTION AIA Draft #2 FAR 45.502-1
CARE Q9001: 4.7 maintenance 5) maintenance is scheduled,
AlA Draft #6 performed and recorded FAR
45.509-1
CARE Q9001: 4.7 storage 6) handling & storage is

AlA Draft #12

appropriate for property FAR
45.509

Customer Regmt:

Q9001: 4.7 lost, or

7) Reporting Lost, stolen, damaged

Loss Report damaged property
AlA Draft #8 |
Inventory & Storage Ref. Q9001: 4.15.3 8) inventory distributions and
records AlA Draft #4 returns are controlled
Recording & Q9001:4.7 recorded 9) records are accurate and timely
Reporting AlA Draft #3 FAR 45.505a; 45.505-1; 45.505-
14
Recording & Reporting AlA Draft #7 ' 10) periodic physical inventory

(INVENTORY)

+ Inventories: FAR 45.508 (based
on established practices)
+ Multi-contract cost and material

control: At least annually per FAR
45.505-3 f. 1. vi

REPORTING

1 Q9001: 4.7 lost, damaged or is
otherwise unsuitabie

11) scrap is recorded
FAR 45.505-8

Tracking & Reporting

] Q9001: 4.7 lost, damaged or is
otherwise unsuitable

material consumed or scrapped-
is recorded FAR 45.505-8

Tracking
Spcl Customer Regmt

Ref. Q9001: 4.6.2b ... define
type and extent of control ...
over subcontractors.

AlA Draft #13

12) subcontractors comply with
requirements 45.502, 45.504c,
45.505a, 45.510 52.245-6 (k)

DISPOSITION

AlA Draft #14, 15

13) report when property is no longer
needed FAR 45.102 (f);
45.502(§); 45.6

Table 8-1. Basis for Customer Property Control Requirements
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Spcl Customer Regmt
Supplier Selection.

Ref.: Supplier Select.

Ref. Q9001: 4.6.2a Evaluation
of ... ability to meet
subcontract

AlA Draft intro.

1) customer approved property
system

NOT REQ’D in FAR Re-write
FAR 45.104, 45.502(a); 45.511

Spcl Customer Regmt
SECURITY or
HAZMAT

AlA Draft #12 (store & secure)

' 2) special security for classified or

sensitive (or hazardous) property
CLASSIFIED PROPERTY

SEE PLANT SECURITY FAR
52.204-2 requirement in contract.

Table 8-1. Basis for Customer Property Control Requirements (Continued)
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9. Handling, Storage, Packaging & Delivery Control

Objective: To avoid product damage in manufacture, storage and shipping.

Handling, storage, packaging and delivery of the products requires protection of its form, fit, and
function during manufacturing or assembly and during shipment and storage at the customer site.
These requirements are adequately addressed by the ISO 9001 standards. Commercial practices
tend to satisfy most shipments, but unique customer requirements may require additional
instructions for marking of packages, or unusual environmental conditions. These instructions
are usually found in the statement of objectives or the contract. This is an area where a clear
understanding by both parties is important. The requirements developed in this document are
only applicable when specified in the contract, statement of work or operational requirements
matrix'?. The supplier’s own systems or processes must meet the intent of ISO 9002 and these
requirements.

Requirement Title Par.
* +9.1 Handling and Packaging Policies, Procedures .........c.ccccccovveninnnncn. 9.1
®  ePACKAGING ..ottt 9.2
® 0.3 Bar CodiNg ..ccoveeuieieeiieieeieeee ettt sttt et 9.3
* +9.4 Handling, Preservation and Protection .......ccc.cceoeeeveercricnccinncneenann 9.4

9.1 Handling and Packaging Policies, Procedures and Planning

The supplier shall describe its internal Handling and packaging procedures'”, processes,
standards, and tests to ensure that products are handled, stored, preserved, packaged,
labeled, documented and shipped in a sufficient manner to prevent damage, deterioration,
degradation, loss, or substitution of the product and to otherwise protect the Form, Fit or
Function of the product.

9.1.1 Handling and Packaging Plan

When the supplier existing handling and packaging systems and procedures do not adequately
address a customer’s requirements, a Handling and Packaging Plan is developed to clearly
describe the organization and intended approach for compliance of the supplier’s and sub-tier
supplier’s handling and packaging controls and may be combined with the overall Program Cntrol
Plan. A Handling and Packaging Plan typically requires customer approval prior to
implementation or for any changes affecting the intent of the plan. The Handling and Packaging
Plan consists, at a minimum, of a description of the supplier’s internal controls including: (a)
Policies and Procedures, National or Industry Standards used, (b) organizational structure with
defined roles and responsibilities, and ability to meet the project-unique packaging requirements.

147

e Organizational and Technical Interfaces BP Requirements Section 1

ISO 9001-1994 Par. 4.15 Handling, Storage, Packaging, Preservation, and Delivery
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9.2 Packaging

The supplier shall package the product for protection after final inspection and test,
during delivery of the product to the customer,'” and during storage at the customer's
facility in conformance to federal and state requirements and to the customer
requirements as stated in the contract.

Note: Additional defense customer handling, storage, packaging, preservation and delivery
instructions may be found in the performance specification or statement of work.

Most discrepancies found in receiving inspection are from the lack of proper documentation, test
data or other packing information. These simple “paper work problems” also affect the
supplier’s performance rating. The cost of ownership is increased for each rejection.

« Ref. ISO 9001 Par. 4.7 The supplier shall establish and maintain documented
procedures for the control of verification, storage and maintenance of customer-
supplied product. ISO 9001 Par. 4.15.3 The supplier shall use designated storage areas
or stock rooms to prevent damage or deterioration of product, pending use or delivery.
ISO 9001 Par. 4.15.4 The supplier shall control packing, packaging, and marking
processes (including materials used) to the extent necessary to ensure conformance to
specified requirements.

9.3 Bar Coding

Bar coding of the external packaging is required. Bar code symbology shall be as
specified in the statement of objectives or product performance specifications'.

9.4 Handling, Preservation and Protection (ESD)

As applicable, sensitive electronic devices shall be protected from electro-static, electro-
magnetic, magnetic and radioactive forces by properly safeguarded work stations and
properly outfitted personnel during fabrication, assembly, test processing or packaging,
and by the use of electrostatic discharge protective packaging materials during storage
and shipment.'™

» Ref ISO 9001 Par. 4.15.5 The supplier shall apply appropriate methods for preservation
and segregation of product when the product is under the supplier's control.
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0 ISO 9001-1994 Par. 4.15.4 “...conformance to specified requirements.”

ISO 9001-1994 Par. 4.15.4 Packaging

MIL-STD-2073 DoD Standard Practice for Military Packaging Par. 4.1.1;

MIL-STD-130 Identification Marking of US Military Property (Standard Practice)
ISO 9001-1994 Par. 4.15.5 Preservation
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9.5 References

The following Non-Government Standards were reviewed during the development of these
requirements:

« ISO 9001-1994 Quality Systems-Model for Quality Assurance in Design, Development,
Production, Installation, and Servicing
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10. Production Process Control
Objective: To optimize process yield

The business practice objective is to establish manufacturing processes and controls requirements
that are acceptable by commercial suppliers for defense acquisition. Performance-based
requirements are contained in the product specification. Many of the design, quality and
reliability “control points” are discussed in other sections of this manual.

+ Definition: Manufacturing process control is the functional discipline of measuring,
observing, reporting and managing the output of manufacturing or assembly operations.
» AIAG Advanced Product Quality Planning:
Operations may be controlled by, but are not limited to, Statistical Process Control,
inspection, attribute data, mistake-proofing, and sampling plans.

The requirements developed in this document are only applicable when specified in the contract,
statement of Work or Operational Requirements Matrix'*?. The supplier’s own systems or
processes must meet the intent of ISO 9002 and these requirements.

Requirement Title Par.
1. 10.1.1 Manufacturing Planning........cc.ccoeceerevmncnnicnenenenncncnnnnnnnn 10.1.1
2. 10.1.2 Approval of Manufacturing or Assembly Processes ............ 10.1.2
3. 10.1.5 Process Capability Study .......ccoeeiiieiiiniiiiiiiiieceneeens 10.1.5
4. 10.2.1 Reporting Process Controls and Improvements..................... 10.2.1
5. 10.3 Demonstrations of Operational Controls..........cccccoeeervennennrnnnn 10.3
6. 10.4.1 Variability Reduction Instructions .......c..ccccevvernevicnnnncneennes 10.4.1

The intent of this document is to inform the potential supplier of some of the more value-added
process controls being used in commercial industry and in defense-related acquisitions. It is
important to note that the customer does not intend to specify “how to” but does expect the
supplier to adequately define how they intend to control the processes that will produce a
product that meets the customer’s performance requirements.

Manufacturing processes and their controls are an integral part of the development of hardware
product. A cross-functional team'” including a manufacturing representative is convened. The
team responsibilities include contract reviews, customer requirements definition, conceptual
design, and development of a Manufacturing Production Plan. The plan includes process
Controls, Scheduling, Shop Orders, Visual Aides, Quality, Production Flow, Material Staging,
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Maintenance Plans, and Key Characteristics which may be affected during the manufacture
process.

Manufacturing management conducts periodic reviews of operating systems performance metrics
(par. 10.1.4.). Customer required manufacturing process audits and approvals are established and
documented in a Program Control Plan. Commercial customer audits are typically conducted on
an as-required basis; usually when one of the production or quality tracking metrics has fallen
below an acceptable level. These metrics and control limits are usually established by the
customer and mutually agreed upon by supplier. Process improvement objectives are mutually
established and may consist of short term objectives such as the Upper Control Limits (UCL) or
Lower Control Limits (LCL) for SPC controlled processes, and long term customer-mandated
improvements in the production processes. Generally, no manufacturing process status reports
are required by commercial customers (par. 10.2.1.).

Figure 10-1. Manufacturing Process Control Model illustrates a typical overview manufacturing
process development timephased during a product life cycle. The red (dark) symbols indicate
production control activities or reports that may be required by the customer. The yellow (light)
shaded areas indicate activities that may involve the customer, specifically with cross-functional
teams and with respect to the customer reviews

In this process the design team receives the customer performance requirements and begins the
conceptual design. Cross-functional teams are established including the manufacturing
representative to identify key characteristics and manufacturing processes that may affect them.
Process development continues in parallel with the product detail design phase using design-of-
experiments, prototype models, and product simulation. Manufacturing documentation 1s
established for control plans, operator instructions and visual aides. All manufacturing
documentation is reviewed at the Manufacturing Readiness Review (MRR) to ensure the
customer that controls are in place to produce acceptable product. Final iterations of the
manufacturing documentation are made during the product and process Validation just prior to
release to production.
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Figure 10-1. Manufacturing Process Control Model

Baseline

10.1 Process and Control Best Practices

Manufacturing Process and Control best practices typically found in world-class companies are
shown in Figure 2. This “fish-bone” or “cause and effects” figure depicts the contributor to
product quality and customer satisfaction: (a) mangement, (b) manpower, (c) methods and
controls, (d) materials, (€) machines, and (f) measurement and monitoring.

Management Practices

The supplier’s management answers the questions of Who, What, When, Where and How. The
management function initiates the front-end planning and periodic performance reporting to
company owners and customers. In addition to normal considerations for adequate budgets,
compliance with Federal, State and Local Government Safety and Environmental Regulations',
and with customers requirements, management must also provide (a) a suitable framework of
documented procedures, instructions;'”’ and workmanship criteria™ (b) ample facilities for
staging, fabrication, assembly, test, storage and shipping; (c) equipment'’ (machines and test

ISO 9001-1994 Par. 4.9 (c)... compliance with reference standards/codes

QS9000 Par. 4.9 b: Compliance with government safety and environmental regulations

ISO 9001-1994 Par. 4.9 (a)... documented procedures

ISO 9001-1994 Par. 4.9 (f) ... criteria for workmanship

ISO 9001-1994 Par. 4.9 (b)... use of suitable... equipment, and suitable working environment....
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equipment) capable of producing the required dimensional tolerances or product finishes; (d)
Electro Static Discharge (ESD) Controls, which may include conductive flooring, wrist and/or
toe/heel straps, and climate control to reduce electronic discharge of components; and for ()
minimization of parts and product handling and flow.

"!

Manpower Machines Management
Cross-functional Teams Tooling & Fixtures Compliance
Empowerment Tolerance Control Pro-active
Skill Levels Preventive Maintenance Planning
Training Set-up Approvals

Reporting

Reviews
ustomer Requirements Corrective Actio -~ Eﬂ_ .
Performance " i e | T e

Reliability
Key Characteristics
|Operating Environment

(Quality Products

Methods & Control Materials Méasurement & Monitoring
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Figure 2. Manufacturing Process and Control Best Practices
10.1.1 Manufacturing Planning

Advanced planning by the manufacturing organization is the key to improving product yield by
reduction of the causes for variation. Typical planning may include:

 Process Control Planning is a part of the overall production Plan.
*  Capacity Planning determines manufacturer’s ability to react to customer’s long term needs.
 Materijal Planning includes the selection of compatible materials & components, and

inventory controls to ensure that the correct material, which has been properly accepted for
use, is available to production when and where required for subsequent operations.
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The supplier should have process controls'® in place to assure consistency in quality, reliability
and performance of the product. Specific process controls depend on the type of product being
produced. Where customer requirements cause the supplier to modify their processes, modified
capability requirements should be documented in the Program Control Plan.

The supplier shall describe its internal manufacturing procedures, processes, standards,
and tests which ensure that stated performance and reliability requirements will be
satisfied.

When the supplier’s existing process control systems and procedures do not adequately address
a customer’s requirements, a Process Control Plan'” is developed to clearly describe the
supplier’s intended approach for compliance of the supplier’s and sub-tier supplier’s systems.
This plan may be combined with the overall Program Control Plan and typically requires
customer approval prior to implementation or for any changes to the plan.

The Process Control Plan consists, at a minimum, of the organization structure with defined roles
and responsibilities and a written summary (listing) of applicable policies and procedures,
national or Industry Standards being used and the following elements as applicable:

 Ultimately drives the quality of the product and should be based on the expectations of
customers. Workmanship criteria is established, based on national Standards such as IPC-
610 and ANSI J-STD-001, or supplier-developed criteria and must be adequately
documented and communicated to all employees.

» Key product or special process characteristics

- Identification of customer-identified Key Characteristics, usually indicated in the
drawings or statement of objectives.

- Identification of supplier-identified process special characteristics, used in
manufacturing or assembly that may affect the product performance or requirements.

- Minimum capability of each process parameter in the manufacturing process (Cpk)
that may affect a product key characteristics or performance. (par. 10.1.4)

- Key characteristics usually require 100% pass/fail, manual or electronic testing (see
Appendix B - Special Characteristics Guideline).

'*® IS0 9001-1994 Par. 4.9 (d)... monitoring and control of suitable process parameters and product

characteristics;

QS9000: Additions per Automotive Quality System Requirements designation, documentation and control of
special characteristics.

* Par. 49.1 Process Monitoring and Operator Instructions

+ Par. 4.9.2 Preliminary Process Capability Requirements

+ Par. 4.9.3 Ongoing Process Performance Requirements

+ Par. 4.9.4 Modified Capability Requirements (CONTROL PLAN)

« Par. 4.9.5 Verification of Job Set-ups

* Par. 4.9.6 Process Changes

QS-9000 Par. 4.9.6 Modified Capability Requirements

PARTS MANAGEMENT AIAA R-100-1996, JUNE 1996 DRAFT PAR. 3.2.3.2
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+ Controls in place (inspection, test, sampling plans) during normal manufacture.
« Short term corrective actions to be taken should the process go out of control.

» Internal manufacturing practices that control foreign object damage to the product or
subsequent installations.

10.1.2 Approval of Manufacturing or Assembly Processes

During the development and implementation of the manufacturing process, it is required that the
supplier’s management, together with the customer, establish process review points to assure a
minimum risk to the customer and minimization of costs and labor incurred by the supplier
through reduction of testing, inspection, rework, and scrap. Typically, these review points are
during Manufacturing Readiness Review (MRR) and/or Production Validation (PV). These
review points should be documented in the overall Program Control Plan.

The supplier shall establish process review points, notify the customer, and obtain
approval'® as required prior to any process changes that affect the product form, fit,
function or interface requirements.

Note: Process changes involving the manufacturing engineer and the extent of the change affecting
product form, fit, function or interface, may require Configuration/Change Control Board (CCB)
approval.

10.1.3 Manpower Practices

This section is intended to illustrate some of the lean enterprise or best practices being used by
world-class companies.

Manufacturing Personnel Involvement

The cross-functional team will evaluate and incorporate into the manufacturing planning as
appropriate, the lessons learned in product and process development. Manufacturing
representation on cross-functional teams is necessary from the design phase through the
warranty period. Team activities may include the following.

* Design for Manufacturing or Assembly (DFM/A)

* Process Failure Mode and Effects Analysis (PFMEA)

* Risk Analysis for new materials and processes, or state-of-the-art designs
* Manufacturing and Process feasibility

* Design Failure Modes and Effects Analysis (DFMEA)

* Design Validation (DV)
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ISO 9001-1994 Par. 4.9 (¢) ... approval of process and equipment, as appropriate...
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» Manufacturing Readiness Review (MRR)
* Production Validation (PV)

Training and Certification

Optomization of the employee’s capability is accomplished by training and employee
certification. Any person having to do with product quality must be adequately trained by
experience or education to perform their tasks. Training' should include executive management,
supervision, and technical personnel and should provide for the maximum utilization of
personnel. A flexible workforce capable of performing a variety of tasks provides greater
scheduling capability and the ability to move people from one area of expertise to another when
illness, vacation or other manpower capacity restraints occur. Both training and rewards are
necessary to establish a successful skill based work force. Some typical techniques follow.

* On-The-Job Training (OJT)

» Manufacturer classes for equipment operation
« Trade or technical schools

« Professional association certifications

« National aptitude tests

» Solder school

* Mechanical ability

» Skill development

Certification of employee skill levels to perform multiple duties, operate equipment, maintain
equipment, and train others should be established. An operators re-certification is established at
pre-determined intervals. A skill-based pay incentive programs may be established to incentivize
the worker; the more tasks a person can perform in the company, the more pay they receive.

Operator Empowerment

Empowerment is a best practice that requires a supportive management style that encourages
effective communication, training for improvement, establishes clear and attainable goals, and
recognizes improvement behaviors. Employees should be empowered to correct or stop any
process that receives or develops inferior product. These employees are often the best people to
suggest process improvements.

10.1.4 Manufacturing Process Methods and Controls

Process Failure Mode and Effects Analysis (PFMEA) is a risk management process used to
assess the level of control that is necessary on the manufacturing process either by redesign,
mistake proofing, inspection and test, or to identify those areas of high risk to the product. All
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ISO 9001-1994 Par. 4.18 - Training.
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FMEA activity is to be completed prior to production. Any high volume process should
seriously consider the use of PFMEAs.

Defects per Million w/
Process Capability CENTERED SIGMA
Cpk PROCESS G
1.00 2700 3 Unstable Process.
Below Requirements
100% Inspection Req'd
1.33 63 4 Non-complex part/assembly.
Minimum Critical & Safety
Characteristics
1.67 0.6 5 Critical & Safety Characteristics
2.00 0.002 6
2 parts / Billion

Table 1. Cpk-PPM-Sigma Comparison
Processes Affecting Key Characteristics

All key characteristics should be addressed and identified in the Process Control Plan. Controls
for key characteristics should be included in Process sheets (Work Orders and Routings). A Key
Characteristic controlled by a manufacturing process requires to measure the capability and
stability of the process during the manufacturing cycle. Process controls should remain in place
until the process can sustain a minimum 1.33 Cpk.

Identification of process effects on the product

The supplier may use several different techniques to determine the effects of processing on the
product and the end product characteristics. These techniques should be applied for the end
product’s key characteristics as well as the overall product performance requirements.
Techniques include the following.

* Process Failure Mode and Effects Analysis (PFMEA)

» Assembly Build Variation Analysis simulates the buildup of an assembly and examines
tolerance accumulation, statistical parameters, sensitivity.

» Characteristic Matrix displays the relationships between process parameters and
manufacturing stations. and identifies the extent of manufacturing relationships to process

parameters and the areas to apply controls for a given parameter.

» Design of Experiments' (DOE) is a process to control and reduce the effect of

manufacturing process variations on the end product.

» Cause and Effect Diagram also known as fishbone or Ishikawa diagrams is used to
identify the cause of product variations.
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The results of these techniques establishes the relationship between the end product key
characteristics and performance requirements and those manufacturing process characteristics
which affect the end product.

10.1.5 Process Capability Study

The process capability studies (also known as “process characterization”) address the ability of
the manufacturing process to maintain control of the end product throughout manufacturing.
Process capability studies (characterization) are required to ensure that the manufacturing
process is capable of producing a product with the key characteristics under control. A process
capability study determines the limits within which a tool or process operates and the statistical
calculation of the variation between the process specifications and its actual performance. These
studies help to define the level of control, test, and inspection necessary for each characteristic,
both process and product, and are usually conducted during the equipment qualification and
when equipment is initially setup or moved.

The following practices, determined during customer requirements reviews and engineering
evaluations, may be used to establish a process capability. These practices require that the
process be measured and tracked for trend analysis.

» Process flow charts

+  Pre-qualification of material, equipment, Computer systems and software, procedures,
personnel (operators), and manufacturing processes,

«  Process capability index (Cpk) is determined with process parameters and control
points.

«  Part characteristics and process parameters are incorporated into control plan.
» Environmental issues affecting components and processes

» In-process inspection points.

» Design of Experiments

All processes affecting a critical or Key Characteristic shall require a Cpk=1.33. When
these processes are less than 1.33, the supplier shall submit a plan and schedule for
attaining a Cpk =1.33'*. The supplier may alternately choose to perform 100% in-
process product inspections.

A statistically stable process output has an inherent variance within a range of 6o (sigma). This
in indicated by:

. Cp = The process variation relative to process/machine specification is known
as Process Capability Index. Cp = Tolerance width / process capability.
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1ISO 9004-1-1994 Par. 10.2 Process Capability
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. Cpk = The process variation and centering relative to the specifications is know
as Centered Process Capability Index. Relationship of the process mean and the
specification limit.

. Ppk = The performance index which is compared with either Cp or Cpk and is
used to prioritize process improvements over time.

A process capability index (Cp, Cpk) is defined as +30 (6 standard deviation total = 60) spread
of process measurements taken after the process has been characterized and is stabilized. A
process with an output capability index (Cpk) of 1.33 will produce 63 defective parts per
million.

Documentation of assembly instructions

Process control instructions are required to ensure that product quality and reliability are
consistent. The manufacturing process control planning includes process flowcharts,
manufacturing shop orders, and visual aides and should indicate, at the applicable operation, the
key characteristic that may be affected by a particular operation or. process with the necessary
inspections, tests, or observations that must be made prior to continuing with the process. An
automated process might require operator intervention to indicate that the proper controls have
been completed, in order to continue in the process flow.

Mistake-proofing (Poka-Yoke)

. Definition: Mistake proofing'® is the use of process or design features to
prevent manufacture of nonconforming product. When potential sources of
nonconforming product are identified by FMEAs, capability studies and field reports,
these sources shall be addressed using mistake proofing methodology during the
planning of processes, facilities, equipment and tooling.

Mistake-proofing techniques within the process reduce opportunity for human or machine error
by use of simple devices used to detect or avoid defects such as checklists, guide pins, tooling
holes, counters to ensure correct number of parts or cycles processed, limit switches (go-no-go),
or more sophisticated automation of manufacturing operations, alarms for automated in-process
testing, and finally a manual inspection performed as an automatic part of the manufacturing
process.

10.1.6 Manufacturing Material Compatibility with Product

It is the responsibility of the materials and processes engineering activity to develop, select, and
implement materials and processes that are cost effective and compatible with the product being
manufactured. Much of this activity occurs during the design and process development cycle.
Additionally, dedicated process engineers may be responsible to support common processes

' Q89000 Pg. 55
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across a variety of products. A best practice found in both defense and commercial industry is
the control and verification prior to use in manufacturing or re-certification, for material that is
subject to deterioration as a result of exposure to the environment (air, heat, light, or moisture), or
has limited shelf life in storage or after mixing. These controls or practices may include the
following.

» Storage and labeling of material in a controlled environment

» Date for material is adequately documented and displayed expiration

» Effective recall system for material either with or nearing expired shelf life.
* Prohibition of material with expired shelf life for use in production

* Dry storage and moisture bake-out of circuit boards prior to assembly.

*  Proper curing time during assembly. “start time” and “end time” may be recorded in the
shop control documentation or computer system for the applicable operation.

Examples of such manufacturing materials and processes include:

Materials Processes
solder soldering
fluxes cleaning
adhesives material dispensing

conformal coatings

stencil printing

| printed wiring laminate

conformal coating

| printed wiring finishes

adhesive bonding

lead forming
tinning
shelf life re-certification

10.1.7 Machine Suitability, Verification and Maintenance
Perform Tooling Verification

Evaluation of new tools or gages. New tooling may be tested at the tool supplier prior to delivery
to determine it capability (Ppk) and then again after the tool has been installed the production
flow. Manufacturing engineers should conduct pre-qualification product builds to ensure that the
machine or process tolerances are being maintained.

* Ref. 10.1.5 Process Capability Study (par. 10.1.5).
Verification of Job Set-ups

Verification of a set-up is necessary to ensure successful processing. Methods of verification
that should be available to the operator, may include the following.

» Instructions for each machine or process including parameters
» Setup Procedures
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« Set-up verification at start of each shift by visually inspecting first piece through the
process

* Visual aides or graphics picturing the assembly or characteristic
* Workmanship standards

* Training requirements

» Labeling of kits, board assembly panels, process controls

¢ Machine-readable bar-code or dot-matrix labels affixed to sub assembly panels during
manufacture. These labels, together with Computer Integrated Manufacturing (CIM)
systems are capable of ensuring that the proper part is selected and inserted into the panel,
and detecting missing or wrong components installed in a location (reference designator) .
(Note: The bar-code label may not be appropriate for all processes or for processes that
are not controlled by automation).

In-process Verification

Each process-owner should inspect their own work to ensure that inferior product is not sent to
the next operation. First piece inspection is particularly important when there is a line set-up or
change of shift. On-going observation of the assembly process and random sampling products
will ensure that acceptable product is forwarded to the next operation.

Establish Preventive Maintenance Program

A maintenance'® program with periodic recall is necessary for key process equipment. Most
maintenance programs are based on manufacturer’s recommendations but may require tailoring as
appropriate for the particular application and constraints.

10.1.8 Process Monitoring

Process monitoring may take many forms and the supplier should determine what is appropriate
for their products and describe the process monitoring program in their Manufacturing Control
Plan. Some of the major monitoring techniques include the following.

+ + Process Failure Modes and Effects (PFMEA)
+ « Automated in-line testing, in-process inspection by manufacturing personnel, not QA
« + SPC require selection of statistical tools'”’ and knowledge of basic statistical concepts

-+ Continuous improvements to design guidelines and processes is an ongoing effort
process and product measurement and trend analysis.
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QS9000 Par. 4.9: ... scheduled maintenance, and predictive maintenance methods for key process equipment
ISO 9001-1994 Par. 4.20 Statistical Techniques
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Measurement (Gages)

Many calibration standards exist for gage repeatability and reproducibility (R&R). Equipment
used for product inspection and acceptance must be controlled, calibrated, and maintained with
reference to a national standard'®. The supplier should describe their gage R&R (calibration)
program in their Manufacturing Control Plan. The key requirement for gage R&R are that the
equipment is scheduled for verification of accuracy (calibration) and is tagged with expiration date
for effective recall.

Note: MIL-STD-45662 Calibration has been CANCELED 2/95. Possible replacement is
ANSI/NCSL Z-540.1 or ISO 10012

10.2 Operational and Process Control Reporting

Management reporting'® includes periodic information that is provided to the supplier’s internal
management. The reports or presentations are generally considered to be competition sensitive
and may include the following general operational metrics.

« Shipments vs. schedule: On-time delivery to the external customer

Sub-tier supplier performance: On-time deliveries and quality of products and the use
of past performance data in future sourcing decisions

* Process yields by product or by product line

 Inspection results including deviations and corrective actions

» Scrap, rework, repair costs

» Warranty claims or customer returns

« Labor or process efficiency metrics

* Evidence of SPC results in management decisions

« Results of internal audits and status of any necessary corrective actions

10.2.1 Reporting Process Controls and Improvements

External reporting is usually not provided by commercial suppliers. Occasionally customers will
require, on an exception basis, very high level reports depicting the control history for a specific
process that is related to their products. These reports should be in the supplier’s existing
format. Typical examples of reports that may be required include:

* Progress made towards mutually established process capability or continuous
improvement goals,

» Results of corrective actions related to customer products
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ISO 9001-1994 Par. 4.11 Control of Inspection, Measuring, and Test Equipment
ISO 9001-1994 Par. 4.1.2.3 “... reporting on the performance of the quality system to the supplier’s
management ...”

QS9000 Pg. 65 - AEN/Ford Quality Operating System (QOS)
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» Documentation showing compliance with customer requirements for control of key
characteristics,

« SPC reports for processes controlling product key characteristics and,

» Cost-of-quality reports (Ref. Quality Systems Section 5 “.. internal management
reporting and trend analysis™).

The supplier shall provide Process Controls reports on an exception basis, as specified in
the contract or Statement of Objectives.

CAUTION: Requirements for SPC reports or Cost-of Quality reports are NOT commercial
practices and may preclude contracting with commercial suppliers. Reports which contain
“competition sensitive” information or require additional reporting systems must be mutually
agreed upon. The content and frequency of all reports should be clearly defined in the contract or
statement of objectives and in the supplier’s program control plan.

10.3 Demonstrations of Operational Controls

During the supplier selection or product/process development cycles, customers may wish to
have a demonstration of the process controls and internal management interfaces that are
routinely used in the facility. Demonstrations for selection by a customer may require evidence
to the customer business control metrics, manufacturing SPC control charts, or other trend
analysis demonstrations for processes controlling product key characteristics. When the
customer is a member of the cross-functional team, many of these reports would not be required.

The supplier shall provide operational and process capability demonstrations to the
customer as specified in the contract or Statement of Objectives.

10.4 Variance Reduction Program

Variation of key product characteristics'™ or key process parameters will eventually cause
defects that go undetected until a subsequent operation resulting in a decreased product quality
and increased product costs caused by rework, repair or scrap. Variance Reduction Program
(VRP) is a continuous improvement best practice that relates specifically to design,
manufacturing, assembly and test of the product. VRP is established prior to any processing
activity, to improve product performance, reliability, cost, and reduction of manufacturing cycle
times by identification of customer or supplier key characteristics (Kcs), reduction of process
variation through the use of statistical tools, special test equipment, computer-aided
manufacturing,'” operator instructions, and implementation of other value-added techniques.
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171

Ref. IBP Handbook Appendix B - Key Characteristics
Ref. http://www.bmpcoe.com Expert Systems for Reducing Risk ....
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10.4.1 Variability Reduction Instructions

Variability Reduction Instructions (VRI) for each customer-specified Key Characteristic are
referenced on the defense customer’s product drawings, or included in the design documentation,
re-procurement package or producibility plan. The VRI records the frequency of process
interaction, observation or tracking technique and any documentation required to be completed at
each process control point. All key characteristics must be designated using mutually agreed
upon symbols by the supplier and customer.

The commercial supplier imbeds these special instructions into their process failure mode and
effects analysis and work orders or process instructions. Unique operation numbers are assigned
to processes requiring special control points and methods. These instructions are available to
each operator as necessary and may include the following major headings.

» Process/inspection guidelines

» Control /critical parameters

* Setup/shutdown procedures

* Training requirements

* Trouble-shooting

* Process control table and flow chart
* Visual aides

Variability Reduction Instructions shall be included in manufacturing instructions or
other process control documents which emphasize the control of Key Characteristics.

CAUTION: The linkage of a key characteristic on the customers drawing to a Variability
Reduction Instruction in the suppliers manufacturing documentation is not available with
commercial suppliers. Their process control plan and instructions should adequately identify
each key characteristic and the method of control, standard used, and frequency of monitoring.
The intent of the VRI will be met, but not the document linkage. The VRI information is not
provided to the customer.

10.5 References

INTERNET ACCESS REFERENCES in Appendix C

145



146



10.6 Attachment A - Military Specifications Affecting Manufacturing

For reference only. This table provides process control standard’s status as of 1Q97 and may

not be all inclusive.

DOCUMENT

TITLE

| sTATUS

DoD-HDBK- 265

ESD CONTROL PROGRAM

CANCELED (11/89)
S/S MIL-STD-1364 Canceled 4/95 no S/S
Note: See DoD-HDBK-263 (7/94)
MIL-STD-1686 (10/95)

DoD-STD- 1686

Document exists only as

| Replace with DoD-HDBK-263

(See MIL-STD- reference in data base 8/8/96 Future acquisitions refer to MIL-STD-
1686 in (DODISS) 498
5PTA3242) 10/95: Converted to Standard Practice MiL-
STD-1686C.
4/19/95 OSD/DSIC: Convert MIL-STD-
I | 1686B to standard practice nit 12/95.
MIL-C-28809 CIRCUIT CARD ASSEMBLY CANCELED 4/21/95 DODISS OSD/DSIC
Canceled by NOTICE 1 w/o Replacement
MIL-I- 8700A Installation and Test of 3/98 Active DODISS
(2/92) E!ectronic Equipment in Ref IPC-610
Aircraft | Ref: ANSI J-STD-001
MIL-P-11268L PARTS, MATERIAL & 3/98 Active DODISS
(3/97) PROCESSES 12/95: SPO - DELETE contract reference

MIL-PRF-55110F
(5/97)

PRINTED WIRING BOARD,
GENERAL SPEC

[ 3/98 Active DODISS

MIL-P-55110 Replace w/ National Standard
IPC-D-275 and IPC-RB-276

1/29/96: DODISS: QPL-55110-44, dated
9/26/95, PRINTED WIRING BOARD,
RIGID, GENERAL SPEC.

4/19/95 OSD/DSIC: Convert to PRF Spec
by 10/95

Misc. REF:
ANSI/IPC-600D,
|IPC-RB-276,
IPC-D-275
1SO 9100
IPC 610
IPC 900 ]

MIL-S-45743E SOLDERING, MANUAL CANCELED 2/27/95 OSD/DSIC by NOTICE

TYPE, HIGH REL. 2, Refer to MIL-STD-2000A
I 9/8/89 DODISS: Inactive

MIL-S-46844C SOLDER BATH soldering of CANCELED 2/27/95 DODISS OSD/DSIC

PWA by Notice 2, Superseded by MIL-STD-
l 2000A.

MIL-S-46860B SOLDERING OF METALLIC CANCELED 2/27/95 DODISS OSD/DSIC
Ribbon Lead Material to BY NOTICE 2, Refer to MIL-STD-2000A
terminal ]

MIL-STD- 410 NONDESTRUCTIVE CANCELED 12/31/97 DODISS
TESTING PERSONNEL & S/S NAS 410
CERTIFICATION
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DOCUMENT TITLE [ sTATUS
MIL-HDBK- 454 ELECTRONIC EQUIPMENT, MIL-STD-454M CANCELED 5/28/97
(5/28/97) STANDARD GENERAL Replaced with Handbook.
GUIDELINES Replace w/ National Standard
Ref. IPC-610
Ref. ANSI-J-STD-001
5/4/95 DODISS: Superseded by MIL-HDBK-
454
2/1/95: OSD/DSIC Cancel w/o
i |__Replacement after issuance of HDBK.
MIL-STD- 980 FOREIGN OBJECT DAMAGE | CANCELED 11/295 by Notice 1 NO S/S

PREVENTION 6/7/95 OSD/DSIC: CANCEL Redesignate as
_ |__HANDBOOK
MIL-STD- 1528A MANUFACTURING CANCELED 2/27/98 NO S/S

MANAGEMENT PROGRAM

Air Force EXEMPTION GRANTED

MIL-STD- 1567A

| WORK MEASUREMENT

CANCELED 2/27/95 NO S/S
Ref. ANSI/ASQC Q9004-1-1994 6.2.2

MIL-STD- 1568B

1 M&P FOR CORROSION

PREVENTION

CANCELED 2/6/96 DODISS
Possible NGS

MIL-STD- 1595A

1 QUAL OF FUSION

3/98 ACTIVE DOSISS

(7/30/87) WELDERS 5/3/95: RETAIN until NGS available from
AMER. WELDING SOCIETY Draft ECD
11/96. ECD: 6/30/97

MIL-STD- 1686C ELECTROSTATIC 3/98 ACTIVE DODISS

(10/25/95)

See also:
DoD-STD-1686

DISCHARGE (ESD)
CONTROL PROGRAM

8/8/96: ASTM writing NGS

10/25/95 Converted to Standard Practice:
MIL-STD-1686C

04/19/95 OSD/DSIC: Convert to Standard
Practice NLT 12/95.

[ 'MIL-STD- 1840C
| (6/24/97)

EDI interchange

6/26/97 DODISS
Designated as Interface Standard

MIL-STD- 2000A

SOLDERED ELECTRICAL &
ELECTRONIC ASSEMBLY,
REQUIREMENTS FOR

CANCELED 6/7/95 OSD/DSIC by NOTICE
1 w/o Replacement; future acquisitions
shall not cite a soldering process
requirement.

Replace w/ National Standard
Ref. NGS: IPC 610
Ref. ANS! J-STD 001 thru 006

MIL-STD-45662 A

METROLOGY
(CALIBRATION)

| CANCELED 2/27/95 OSD/DSIC: by NOTICE

2

Replace w/ National Standard
ISO 10012-1 or

ANSI NCSL Z-540-1

MIL-STD-45743

Soldering Manual Type High
Reliability

['CANCELED 2/95

MIL-STD-46844

Solder Bath

CANCELED 2/95 Refer to MIL-STD-2000

MIL-STD-46860

Soldering of Metallic Ribbon
Lead

CANCELED Refer to MIL-STD-2000
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11. Product Support and Logistics

Objective: Ensure continuity of supply, replacement, maintenance, and product warranty
for the post-delivery product life cycle.

The purpose of this document is to establish basic requirements for evaluation of a supplier

ability to plan for and provide post-delivery product support or logistics, to distinguish the

functions provided by a product supplier from the customer’s internal system-level logistics
functions, and to ensure that the needs of both buyer and seller are satisfied.

. Definition: Traditional “logistics” is defined by Webster as “the branch of
military science concerned with the procurement, transportation, maintenance, and
supply of troops, equipment, and facilities.”

The military definition typically addresses logistics support for a defense system but, the lower-
tier supplier logistics support requirements apply only to a product. As the supplier-tier moves
closer to the ultimate system-level customer the logistic support requirements increase. “Product
support” is used in this document to discuss logistics requirements and represents the more
commercial terminology at the product level.

The requirements developed in this document are only applicable when specified in the contract,
statement of work or operational requirements matrix'?. The supplier’s own systems or
processes must meet the intent of these requirements. The requirements for policies and/or
procedures are shown below.

Requirement Title Par.
* 1. 11.2 Product Support Plan .......ccccoeiiiiiiiiiiiecceereeeeece e 11.2
» 2. 11.3 Transferable Technical Data Package........c....cccvvevcerinnenernccrncnen 11.3

Figure 11-1. Product Support Program Model, illustrates the interaction of the product support
requirements with design and parts control activities through the production cycle. The product
support plan addresses four key elements: (1) re-procurement information, (2) technical
documentation necessary to build the product, (3) warranty, repair and maintenance
requirements, and (4) recommendations for product improvement during the life cycle.

" Organizational and Technical Interfaces BP Requirements Section 1
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11.1 Product Support Model
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Background

Logistics requirements for both defense and product support practices for commercial companies
have the same basic purpose — to ensure that products are supported in a timely cost effective
manner and to ensure continuity of supply. One reason for the increased importance attributed
to logistics requirements in defense systems is the system life-cycle, which is usually much
longer for defense products.

Market . Design Cycie Production Cycle Product Life Cycle
Personal Computers 3 -6 mos 3 -9 mos 3-8yrs
Consumer Electronics 6 - 18 mos 3-12 mos 3-8yrs
Automotive 2-3yrs 1yr 7 -10 yrs
Defense System 3-8yrs <1 - 20+ yrs > 20 yrs

Table 11-1. Typical Product Life Cycles - Electronics

The typical contract for Contractor Logistics Support (CLS), may require a combination of
manpower or personnel to operate and maintain a product/system, support equipment required
for operation or maintenance, operator or maintenance training support equipment for customer
personnel, computer resources, and facilities for training or depot repairs and maintenance.

A commercial product supplier is typically expected to provide design interface for logistics-
related requirements such as product maintainability, recommendation of parts and quantities for
spares, warranty support including replacement, maintenance, and repairs for the product life
cycle.

11.2 Product Support Plan

When the supplier’s existing product support systems and procedures do not adequately address
a customer requirements, a Product Support Plan is developed in sufficient detail to clearly
describe the supplier’s organization and intended approach for compliance with the customer’s
requirements. Mutually agreed upon requirements'” and procedures are documented and may be
combined with the overall Program Control Plan. The plan typically requires customer approval
prior to implementation or for any changes affecting the intent of the plan.

A best practice to facilitate first-pass success is the establishment of cross-functional teams'”
that include product support personnel. The team ensures that product support requirements
are addressed at the point where they can influence the economic balance between product cost,
schedule, performance and supportability. Inclusion of the sub-tier suppliers in development of
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new products and their related support plans is critical to ensure that products will be supported
in the most cost effective manner.

The supplier shall establish, document and submit for customer approval, a Product
Support Plan'” to ensure continuity of supply during the product life-cycle or as stated in
the contract.

A typical Product Support Plan should describe the supplier's internal controls:

* Policies and procedures, national or industry standards used

 Organization structure with defined roles and responsibilities including cross-functional
teams, with a description of core and out-sourced capability. Logistics must be an integral
part of system requirements definition and design activities including participation in
functional requirements review, contributing to design alternatives, product
updates/improvements and identification of Key Characteristics, and other value-added
analysis. In light of the “out-of-production parts™ problems that plague most products, it
may be beneficial to establish a parts control program during the product life cycle.

» Flexible warranty provisions to reduce product support costs and establish alternate
support plan in the event of sub-tier supplier default.

» Supportability requirements'” are defined with customers and comprise documentation of
requirements for post-delivery support, provisioning (re-procurement) data including long-
lead procurement lists, recommended inventory or spares quantities, recommend
maintenance program, and identification of hazardous materials, pollutants, etc. associated
with product bills-of-material or production processes.

+ Technical or proprietary data which may be supplied with less than unlimited rights.

* Product information retrieval system to gather production issues during the manufacturing
process as well as the customer’s performance experience or field returns.

Note: The DoD is a leading proponent of CALS, or Computer-aided Logistics Support. This
effort is aimed at implementing a core strategy to share integrated digital product data. Suppliers
who demonstrate knowledge and/or implementation of the CALS standards are in a good position
to satisfy the needs of military buyers for technical data.

11.3 Transferable Technical Data Package

The supplier shall provide a Technical Data Package in a format mutually agreed upon.

Technical Data Package include sufficient information as shown in Table 2, to allow the customer
to provide adequate maintenance, repairs, and re-procurement of the product. Proprietary

175
176

ISO 9004-1-1994 Par. 16.4.3, 16.4.4 Postproduction Activities
ISO 9004-1-1994 Par. 16.4.3, 16.4.4 Postproduction Activities: Servicing

152



processes unique to this product or patented product may be included in this data package.
However, the customer agrees to restrict the use technical data provided by the supplier, to
product support requirements only. The data will not be provided to third parties without the

written permission of the supplier.

DESIGN RESPONSIBILITY

BUILD-TO-PRINT ONLY

- po Level Drawings

Quality Assurance Plan

Module Drawings
including Bilis-of-Material

Configuration Management Plan
Class 1 F°l changes (form, fit, function, interface)

_ Interface Design document

Parts Control Program Plan

Parts Control Program Plan*
establish Preferred Parts Lists

__Design Validation Plan & Reports

Sub-Tier supplier test plan

_ Process failure mode effects analysis (PFMEA)

Design failure mode effects analysis
_ (DFMEA)

ESS Plan include Procedures

WEngineering Test Procedures & Reports

Process Control Plan

Thermal Analysis

Product Support (Logistics) Plan

Corrosion Prevention & Control

Production Validation Plan & Reports

Test Failure Reports

Failure Analysis Reports
- internal testing & field failures

Reliability Analysis

Repair Procedures

__Human Engineering document

Reliability Analysis

Appgpta nce Criteria

Traceability data

Key Characteristics

Table 2. Typical Technical Data Package Content

11.4 Product Support Best Practices

11.4.1 Parts, Materials, and process selection program

The supplier should have a facility-wide documented parts, material, and process control
program for the selection and use of parts, materials, and processes in the design and
manufacturing of the products. See Section 3.0 Parts Control Program.

11.4.2 Core Product Support Capability vs. Out-Sourcing Non-Core Functions

Suppliers who are capable of providing comprehensive product support have performed the
economic analysis necessary to identify those product support functions that are best performed
in-house vs. those that should be out-sourced to third parties. The supplier should be prepared
to demonstrate that they have implemented the core focus policy and procedures and third-party
agreements necessary to provide value-added product support.
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11.4.3 Flexible Product Warranty Provisions

Suppliers with experience at providing product support typically offer flexible warranty
provisions or options to help customers reduce their product support costs. Among the options
that may be available are reliability improvement warranty, pre-paid upgrade provisions, and
maximum cost-to-repair guaranty. The supplier and customer should mutually determine the
most effective warranty options for product life-cycle requirements.
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12. Reliability

Objective: To affect product warranty and customer satisfaction

This requirements document was developed with the cooperation of commercial industry and
defense contractors, to establish the agreed upon requirements for “best competitive” reliability
practices. The contractor’s own processes or systems must meet the intent of these
requirements. Performance-based product reliability requirements are contained in the product
specifications.

Electronic hardware frequently requires software in order to perform its function. Software is
addressed briefly in 12.12 Software Reliability Overview (par. 12.12). This section is focused
on hardware requirements. National stan<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>